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Abstract 
Aspects of sustainability and social justice deserve special attention in the research and innovation 
landscape in Europe. In this vein, the inclusion of innovative research and innovation policies, 
such as Responsible Research and Innovation, devoted to mainstream social outcomes, to deploy 
democratic governance of science, and to drive innovation into a direction that is ethically 
acceptable, societally desirable and sustainable are noteworthy. However, substantial efforts are 
required when it comes to integrate the interactions between renewable energy research and 
energy and climate policies within responsible approaches. In order to adapt responsible research 
and innovation approach for the purpose of building an alternative context and assessment 
approach for sustainable transitions, this paper presents a review of approaches around 
sustainability and social justice dimensions. The thresholds of this endeavour are detailed in terms 
of the challenges for the integration, the identification of the inhibitors and facilitators of policy 
integration and the proposal of the levels for a methodology for this integration. The results show 
that the different readings and understanding of the contexts and dimensions and the existence of 
knowledge gaps between policy targets and the outcomes of research and innovation can be 
considered inhibitors for the integration. In contrast the interlinks between dimensional concepts, 
backgrounds and rationales appear as facilitators. The innovative contribution of this paper is 
focused on the contextualization of the dimensions through the use of socio-technical and 
multi/inter/trans and cross-disciplinary approaches. The authors conclude that the process of 
introducing a more holistic and alternative approach opens the re-envision of policy elements. 
Moreover, RRI offers an innovative perspective to the transition approach as well as tools for 
decision-making and policy processes assessment, in an arena where constant innovation is taking 
place and new structures, processes and metrics are necessary to guide this process.  
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Aspects of sustainability and social justice, along with outcomes related with science education, 
engagement, gender, ethics, open access/open science, and governance are the core of 
Responsible Research and Innovation (RRI) approach which has been the expression of the 
political guidelines for the European Commission regarding to science and society interactions. 
These guidelines, aligned with global social, economic, and environmental challenges have the 
eagerness to achieve excellent science, competitive industry and a better society [1–3]. Moreover 
these aspects are comprised in Europe 2020 strategy, which includes headline targets in 
employment, research and development, climate/energy, social inclusion, and poverty reduction 
[4]. Since, the rationale of the Europe 2020 strategy is to address and overcome the shortcomings 
of the current growth model in order to achieve smart, sustainable and inclusive growth with a 
clear eye for fairness and democratic change, policy strategies including socio-technical 
integration and multi, inter- and trans-disciplinary collaborative research strategies have been 
tested and developed for the achievement of these goals within policy initiatives and national and 
European programmes. Europe’s commitment to RRI has led to substantial societal and scientific 
benefits [5–8] allowing to settle approaches such as social innovation [9] and open innovation 
[10], which becomes visible through collaborative EU projects that have brought together diverse 
sets of actors to co-create and implement common agendas through citizen science, science 
communication and public engagement actions. Moreover, these initiatives have built an evidence 
base about this alternative science-society interactions [11]. Insigths of the responsible approach 
in the proposals for post 2020 EU R&I programs [12] and policy strategies although it is still to 
be settled, can be found in the adoption of a mission-oriented, impact focused approach to global 
challenges which, moreover, seeks to mobilize and involve citizens and capture and better 
communicate the impacts [13,14].   
 
Responsible research and innovation as concept, approach, or policy [15] is located under the 
responsible innovation approach, which is built on governance, socio-technical integration of 
innovation, and technology assessments methods [16]. Within responsible innovation it is 
essential to reflect on social and environmental needs and any innovation process has to be guided 
by improvements in anticipation of collateral effects and consequences of technology [17,18]. 
This influence makes that among other goals, responsible research and innovation aims at taking 
ethical and societal concerns from the beginning if the innovation practice giving place to a 
process reformulation [19,20] and the achievement of a democratization of innovation through 
social, open, participatory, and crowdsourced research strategies [21]. Moreover, RRI comprises 
the inclusion of upstreaming deliberative forms of governance such as stakeholder and public 
engagement integration in the research and innovation process [22]. All of this in order to help to 
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realise a collective responsibility to control and drive innovation into a direction that is ethically 
acceptable, societally desirable, and sustainable [19].  
 
The theoretical backgrounds of RRI are based on science, technology and society studies (STS), 
technology assessment (TA) approaches [15], and in a combinations among those. Moreover, 
under the socio-technical integration approach, RRI seeks to the explicit incorporation of activities 
devoted to broader social aspects into scientific production [23] along with integration of 
alternative experts, methods and perspectives into science and technology disciplines [24,25]. It 
thrives from science, technology and innovation (STI) policy frameworks devoted to set the goals 
for socio-technical systems reflecting a range of more inclusive ideas about social welfare and the 
transition to more sustainable outcomes [16].  
 
At operational level, RRI policy entails the fulfilment of two main fundamental missions: the 
development of specific research agendas and the reformulation of the innovation process. The 
process reformulation is proposed to be carried out through the definition of attributes that the 
innovation needs to fulfil to be considered responsible. These attributes came from responsible 
innovation approach and are, anticipation, reflexivity, inclusion and deliberation, and 
responsiveness [1] or anticipation, reflexion, engagement, and action [26], depending on the 
approaches. These achievable dimensions or capabilities were explored from the fields of the 
social sciences and humanities such as the body of works of policy studies, cross-cutting policy-
making, decision-making or holistic government as well as anticipatory governance [27]. In 
contrast keys for the agendas development are science education, open access, engagement, 
ethics, gender, and governance; which were updated with two more areas of relevance, social 
justice and sustainability, included in RRI as an expression of the policy goals, since they were 
the backbone of the Europe 2020 strategy [28].  
 
At a time when decision-making is facing increasing complexity as a result of various concurrent 
trends driving this process, policy integration, in terms of the management of cross-cutting issues 
that transcend the boundaries of established policy, is considered crucial to achieve sustainable 
development, especially in environmental disciplines [29] Regarding to the trends under 
sustainability development towards sustainable transitions; the globalization and greater 
centralization coexist with the fragmentation and decentralization of decision-making spheres as 
well as the number of actors involved in policy process. 
 
In this vein, while transformative change and RRI approaches provide a scenario of integration 
and benefits, at practical level, researchers and policy makers face obstacles in understanding the 
interactions of the impacts of environmental, economic and social features in policies [30]. 
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Moreover, the inclusion of the label of responsibility, it does nothing but adding complexity to 
this process. This is especially remarkable in the case of the interactions between research and 
energy and climate policies as it happens in the case of renewable energy research and innovations 
[31].  
 
The policy integration process requires from shifting from a theoretical discussion to the 
operational level of a concept and from the ability to identify inhibitors and facilitators of the 
process. This first endeavour can be achieved by different paths: characterising and measuring 
the different aspects of the concept, or through boarding the concept to embrace different 
perspectives and trends.   
 
The path to measure the different aspect of the concepts has been widely reported in the energy 
research dealing with social aspects related literature for example for the case of social acceptance 
[32-34].In this vein, selecting this path requires from accepting that since the impact of the 
implemented process cannot be determined with any degree of confidence if there is no 
knowledge about the context within which they have taken place, an understanding of the context 
is vital in terms of replicating the intervention. The context must be considered as part of the 
evaluation and is key when it comes to uncovering the circumstances in which, and the reasons 
why, a particular intervention works. In contrast, in the case of considering the path of broadening 
the concepts, which is the path that is proposed in the transitions approach, this requires a concept 
reformulation. Under this approach, the proposals are not anchored in the concepts which are no 
longer seen as a goals, but rather how the system needs to be changed to contribute to progress 
along the path to such goals. An example of this approach can be found in the case of sustainability 
dimension, in terms of not to sustain but to change [35]. Moreover, when the process of 
broadening of the concepts is considered, not only a diversity of approaches is taken into account, 
but the different inputs, new trends and perspectives that, over time, the frameworks integrate and 
embody [36].  
 
Both the measurement of the differences aspects of a concept and the alternative of broadening 
the concepts entails the consideration that the approaches intrinsically, are affected not only for 
the meanings (semantics), but for the scope where action is located [37]. From this consideration 
steams the  idea that the definitions can transit between the form of normative judgments, such as 
goals and targets, to the form of semantic or philosophical clarification[38].In this sense, for the 
fields of energy research and policy, the measurement of the different aspects of a concept 
considers rationales such as the responsibility to assume the effects and minimize environmental 
degradation and climate change; the recognition of the importance of more people-centric 
approaches for energy use; the understanding the human dimensions of energy as promise of 
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generating valuable insights about energy culture and the process of individuals sharing resources 
with those who have less [39]; among others. In addition, broadening the concepts resulted in the 
inclusion of alternative rationales such as the effective mechanisms for transforming how people, 
organizations and societies use of energy in terms of historical and future shifts in energy practices 
[40] and the processes of variation of energy-use patterns [41]. 
 
Most of these approaches are aligned with the socio-technical idea of archive responsible use of 
resources (achieving responsibility) to ensure the balance between economic growth, 
environmental care, and social welfare [42], which can be considered as one of the most used 
theoretical approach.Moreover, in recent times, alternative approaches dealing with responsibility 
issues from the justice point of view have increased [43].  
 
The second challenge of the policy integration lays in the identification inhibitors and facilitators 
of the process which arise when it comes to transcending from policy to practice. In this vein, an 
example of inhibitor of responsible policy deployment is the need of policy contextualization in 
terms of specific disciplines. RRI is a research policy devised to be applied in any scientific 
discipline, however the application and the rendering of its drivers (key elements to develop 
specific agendas and process dimensions) may result unclear depending on each research field. 
In addition, since RRI policy at assessment level is still under development, both due to the lack 
of methodologies and indicators proposals, monitoring the impacts of its implementation, entails 
difficulties. As matter of fact, RRI impacts assessment is often considered one of the most 
important barriers to overcome for an overall policy integration [44]. Other factors no less 
important are related with the absence of primary data to measure the impacts and arrange 
indicators, the lack of frameworks for policy contextualization [6] as well as the absence of 
consensus regarding to which methodology to choose.  
 
In contrast, one of the strengths of responsible research and innovation and a facilitator for policy 
integration are the multiple connections between proposed dimensions that affects both agenda 
setting and process reformulation. This joint process nature is often considered a burden that 
compromise the policy contextualization. The further development of methodologies and 
assessments proposals, however, as shown in Figure 1, these multiple interlinks are the core for a 
policy integration construction [31].  
 
This connection affects at context and policy level. At context level, the interlinks affects the 
overall evolution of the meanings and understandings along the approaches, which can be 
considered also a facilitator of the integration and it will be discussed along this paper. At policy 
level, in contrast, sustainability and social justice are included in RRI as an expression of the 
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policy goals and are interconnected and related to some extent with aspects of inclusion. 
Moreover, they share the aim of promoting good governance. Furthermore, as show in Figure 1, 
both inclusion and governance are the core dimensions since they provide the elements from 
where the rest of the dimensions and keys are generated. The search of governance is going to be 
embedded in the search of (good) governance which includes the development of keys or policy 
agendas and the consideration of ethical aspects and societal needs; along with the statement of 




Figure 1. The insights of these connexions linking key and dimensions for RRI and Europe 2020 strategy 
goals in terms of agenda setting and process reformulation. 
 
In addition, responsible research and innovation shares elements with the innovation frame of 
transformative change, which was proposed after the traditional frames of the innovation for 
growth and national systems of innovation [45]. This fact can be considered as an stregth for 
policy integration, since transformative change is characterized by being linked to contemporary 
social and environmental challenges [16]. From this approach, transition policy approach 
emerged, aiming to address complex policy challenges of a long-term nature, such as sustainable 
transitions. The proposal to address the challenges are for example the creation of spaces with the 
purpose of transforming general policy goals into concrete visions, which in turn are used to 
develop possible transition paths to how to connect the present with the future [45].  
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Moreover, also shares elements with social justice theories, in terms of address the inclusion 
dimension. Social justice theories include the logics of distributive justice, procedural justice, 
cosmopolitan justice, and justice as recognition [46]. In this vein, distributive justice draws the 
aspects such as distribution of goods (proper mode of distribution, and which entities are in charge 
of the distribution addressing distributional justice) and procedural justice is concern with how 
decisions are made in the pursuit of social goals, or who is involved and has influence in decision-
making. Moreover, the sub elements of procedural justice are the access to information; 
participation in decision-making; impartiality from decision-makers; and access to legal processes 
for achieving compensations. In the case of modern-cosmopolitan justice it addresses the societal 
considerations in terms of universal justice application and collective morality assessment as well 
as individual dimensions of the justice [47].  
 
For the case of renewable energy research and innovations, the special attention received by 
sustainability and social justice dimensions is not new. In this vein, before the transitions approach 
was widely considered for the inclusion of social aspects, these dimensions were approached 
through ethics assessments [48] and energy related social science frameworks [49,50]. In these 
terms, sustainability imprints were linked with three traditional sustainability dimensions, 
namely, ecological, economic, and social sustainability. In addition, the social justice dimensions 
were related with the justice of procedures and the distribution of goods and resources [43]. 
Moreover, the shifts in perspectives from a focus on economic development towards a view of 
growth in terms of sustainable development resulted in two innovations. The first one is the 
incursion of more inclusive considerations for both sustainability and social justice as individual 
dimensions. and the second one is the introduction of approaches to consider the mutual feedback 
between them, such as the social sustainability approach and the energy justice body of works. 
 
The social sustainability approach [51], which covers interactions between economy, society and 
ecosystems and social justice is an example of this inclusive considerations. This approach, 
reinforce the sustainability dimension in terms of clean, reliable, and affordable (sustainable) 
energy, and link it critically with achieving inclusive, low-emissions growth and development and 
mitigate climate change. Under this consideration, sustainable energy can influence human 
progress, creating jobs and economic competitiveness, can empower women, can lead to new 
global markets for goods and services, can alter regional energy trades, and can help ensuring that 
environmental impacts of economic development are minimized [52]. In addition, the energy 
justice proposal [53] was designed to deal with controversy in energy projects [54] drawing on 
the justice-related claims embedded in both the legal system, and public discourse. It is related 
with environmental justice in terms of being focused in the distribution of environmental hazards 
and access to natural resources including protection from burdens, meaningful involvement in 
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decisions, and fair treatment in access to the benefits [55]. As a framework, it emerged as a new 
crosscutting social science research topic which seeks to apply justice principles to energy policy, 
energy production and systems, energy consumption, energy activism, energy security, and 
climate change [43]. The justice-related attributes were included in this body of works, through 
the social justice theories approach. This approach takes into account the imprints of each 
dimension in regards to energy related rationales. Such rationales are the distribution of material 
outcomes, public goods, resources or wealth and public harms such as pollution or poverty [56].  
 
Sustainability and social justice rationales can be found also, in several related approaches such 
as green, eco, environmental and sustainable innovation [57], which, moreover, overlap with 
responsible innovation at concept level [17]. In these terms, sustainable innovations are initiated 
in response to a grand societal challenges such as climate change [58], which is additionally, one 
of the most dominant public debates related to the role of science in society of the last decade. 
Under this approach, sustainability and social justice imprints can be found in the demand for 
innovative, alternative and sustainable technologies for climate change mitigation ; in the 
elements of research and policy such as engagement of public with science; in the development 
of new formats for public participation in decision-making; and in the deals that results from the 
raising of questions related to governance of science, the trust in scientists and expertise, and the 
participation in funding of research and development [5]. 
 
In contrast with the overacting frameworks dealing with sustainability and social justice isolated 
dimensions, sustainability assessment body of works are specific approaches characterized by 
their ability to discern from the concepts, dimensions, goals and synergies. Moreover, 
sustainability assessment are approaches that were designated to develop sustainability targets for 
both science and policy-based issues focused in linking science to actions [36]. These actions, 
which can be policies, planning, or products, needed to be evaluated in order to define the degree 
of sustainability through the assessment process .SA backgrounds are based on impact assessment 
tradition and policy support methodologies with sustainable development models as the oldest 
representatives [59]. The utility of sustainable development models, since they are applications 
for practical assessment of progress towards sustainability, within the system approach, lays on 
the fact that they consider sustainable development and hence sustainability as a property of viable 
system. If a system is viable it will be sustainable [38]. The continuous re-envision of models 
constitute one of the most important insights of SA either through the integration of trends either 
through the adaptation of the frameworks to new needs. In fact, recent revisions of sustainable 
assessment frameworks intended to develop policy support tools and recommendations to carry 
out accurate and effective process of assessment are aligned with responsibility policy insights. 
In this vein, an example of the trends that have been incuded in these frameworks are the 
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emergence of post-normal science [60]; the increasing demand for policy-relevant science;the 
changes in the development of monitoring methodologies; the changes in data collection and data 
sharing mechanisms in terms of citizens particpations; and the civil society initiatives [36]. 
Moreover, the integration of concepts such as democracy related with public legitimacy and the 
seeks to foresight changes to political decision-making in terms of the integration of socio-
ecological systems to foster evidence and accountability in dealing with related risks are examples 
of the adapatation to a new necesities.  
 
In contrast with RRI dimensional considerations, sustainable assessment frameworks comprise 
various dimensions that can be grouped in two general divisions: methodological aspects 
(contexts, discourses, etc.) and the decision-making context more devoted to process assessment. 
Methodological aspects generally cover the interaction between economy, society and ecosystems 
in terms of social sustainability and social justice. the decision making context comprise, elements 
such as stakeholders. Despite the differences, the sustainability assessment methodological 
aspects and the decision-making context can be aligned with two RRI missions, the process re-
envision and the agenda setting. In addition, the contributions coming from sustainable 
assessment approaches, such as the Bellagio STAMP principles [61], can be taken into account 
to contextualize sustainability in terms of a process dimension envision, as it will be developed 
in further sections. 
 
Before going into the subject matter of this paper in more detail a few clarifications may be in 
order. When it comes to implement RRI approach, both attributes and key elements are considered 
to be the conceptual dimensions of RRI [62]. Moreover, in recent literature regarding to this topic, 
both key and dimensions words have often been used indistinctly. Furthermore, often assessment 
methods such as sustainability assessment frameworks, consider the dimensions, as the elements 
of the process, which needs to be re-envisioned. Under this approach, sustainability for example 
is a goal and a concept but not a dimension. In this sense, for the purpose of this paper, elements 
for the agendas development, namely science education, open access, engagement, ethics, gender, 
and governance, social justice and sustainability are going to be considered keys or elements and 
the process reformulation attributes, namely, anticipation, reflexivity, inclusion and deliberation, 
and responsiveness, are going to be considered achievable dimensions. Moreover, the distinction 
between dimensions entailing responsible attributes and sustainability assessments frameworks 
process dimensions will be carried out in the sections where these contributions of these 
approaches is described. Furthermore, while RRI is focused in two missions, the development of 
methodological proposals in literature has been focused mainly in the process re-envision in terms 




In order to stablish the methodological basis to arrange a policy integration within responsible 
research and innovation (RRI) approach, this paper reviews and compares different 
methodological approached for sustainability and social justice dimensions. The hypothesis for 
this proposal is related with the feasibility to encompass the contributions of different policy 
approaches taking into account the corollary that they share a general vision towards achieve, 
among others goals, the reformulation of innovation process and the re-envision of agenda setting, 
as well as the paradigm change in decision making process. In this sense, bringing about more 
conceptual clarity to both dimensions through the generation of a theoretical framework is the 
first objective of the paper. For this reason, in the first part of this review, the clear understandings 
of the implications of the dimensions in the different contexts and the consideration that the 
approaches are affected not only by the meanings are the two aspects that are going to act as the 
boundary conditions for the development of the policy integration.  
 
The first block of the theoretical framework is going to be built in the insights obtained from the 
review of the overarching approaches under socio-technical transitions. In addition, 
characterising the different aspects of the concept is going to be built upon the state-of-the-art, 
where the findings are going to be separated in terms of conceptual frameworks and operational 
frameworks. In these terms, conceptual frameworks are going to be considered the theories 
shaping the context and the operational frameworks are going to be considered the methods that 
provide tools for the construction of proposals. For example, sustainable development approaches 
and the energy related social sciences body of works are going to be considered conceptual 
frameworks, and sustainability assessment frameworks body of works are going to be considered 
operational frameworks.  
 
Moreover, this paper introduces also two methodological levels of context and assessments. This 
entails gathering the inputs regarding the context for both sustainability and social justice 
dimensions, and gathering the impacts in its assessment.  
 





Figure 2. Policy integration theoretical framework. 
 
Even if the RRI approach can provide a scenario to integrate the interactions between renewable 
energy research and energy and climate policies within the sustainable transition, the 
identification of inhibitors and facilitators of the process is considered a challenge. The 
enlightenment of the wealth of material concerning facilitators and inhibitors of policy 
integration, assisted by the prior theoretical framework comprise the second objective of this 
paper.  
 
This paper is structured as follows. The remaining of the paper, headed by Section 2, starts with 
the description of the RRI dimensions, where process and agenda setting elements are described; 
followed by the technology assessment for responsible approach insights description; followed 
by the overview of the assessment elements and process towards indicators and a brief insight of 
the approach to socio-technical integration. Next, in Section 3, sustainability assessment 
frameworks are described in terms of their overview and backgrounds. This section is organised 
based on a system approach and, later on, based on the contribution to a policy-oriented 
assessment. In Section 4, the methodological imprints of RRI and sustainability assessment are 
described. Regarding RRI, this section reviews the outcome based models and the proposals for 
process dimension assessment. Moreover, regarding sustainability assessments, this section 
shows a review of the levels of integration and the construction of the dimensions. Following, 
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Section 5 comprises the description of the reviewed frameworks contributions in terms of the 
proposed methodological levels, where the differences and similarities as well as the proposals to 
contextualize and evaluate sustainability and social justice dimensions are presented. Section 6 
comprises the discussion addressing the challenges of the integration, the identification of 
inhibitors and facilitators, and the applicability and pertinence of the proposed levels to achieve 
a successful policy integration in the view of this methodological basis. Finally, the conclusions 
section (Section 7) ends this paper.  
 
It is important to point out that the present paper is part of a broader study aiming to explore the 
implementation of the (RRI) approach in renewable energy research and innovations. This 
endeavour entails the construction of a theoretical and methodological approach with a robust 
level which is the subject of this paper and the performance of the validation of the proposed 
methodology followed by the application and analysis of case studies, which will be the subject 
of future works.  
 
The innovative contribution of this work lays in the construction of a robust and interdisciplinary 
methodological basis composed by a theoretical framework and methodological levels with the 
intention of illuminate the integration of responsible approach and RRI policy for sustainability 
and social justice dimensions. In this vein, the importance of introducing a more holistic approach 
between social sciences and technological implementations supported by scientific data and 
experiments, which shall be emphasized in future studies, opens the possibility of the re-envision 
of the policy elements under transition approach. Moreover, this proposal, contributes to the 
integration of the RRI policy taking into account the development of agenda setting for 
sustainability and social justice dimensions, an option that has not been explored in literature. 
Furthermore, the consideration of the synergies between the two missions of RRI along with the 
liaisons between conceptual dimensions and keys, represented in this paper by sustainability and 
social justice and the inclusion and governance are considered.  
 
 
2. Responsible research and innovation (RRI) policy 
 
2.1. Process dimension and agenda setting 
 
The responsible framework comprises a wide umbrella of concepts connecting different aspects 
of the relationship between R&I and society. Among others, the evaluation of technology 
outcomes and options in terms of moral values and the participation of stakeholders in innovation 
processes, as mentioned before. As a concept, RRI was put forward by the European Commission 
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as a key element of the Horizon 2020 programme, in which the trifold ambition of excellent 
science, competitive industry and a better society calls for a comprehensive research and 
innovation governance framework. Moreover, under socio-technical integration approaches it has 
been considered a policy integration example where responsible innovation enacts as a transition 
approach, focused on achieving democratic and anticipatory governance [1]. 
 
RRI entails the achievement of two main objectives that are intertwined: the specific research 
agendas development along with innovation process reformulation, as mentioned in the 
introduction. Both elements for agenda setting and process re-envision, namely conceptual and 
key dimensions, emerge from the integration of ethical aspects and societal needs which are 
generalizable to all scientific disciplines [1] and from the engagement with a set of aspects or 
even values for practices related with outcomes and options evaluations. These aspects, which are 
often framed under the consideration of norms, laying under the normative sphere, can be 
materialized as moral values, including among others, wellbeing, justice, equality, privacy, 
autonomy, safety, security, sustainability, accountability, democracy, and efficiency [10]. 
Moreover, since the normative function of the values, entails the capability to provide direction 
through visions linked to goals, this entails that the values they are transformed and coded in 
formal agreements, treaties, and declarations. Furthermore, these aspects can be visible not in the 
form of values but as habits and traditions, which represent individual basic knowledge and can 
be understood as what others do and what others think that they should be doing [40].  
 
Dimensionally, the drivers of the integration of the ethical aspects or the achievable dimensions 
of anticipation, reflexivity, inclusion and deliberation, and responsiveness are the elements 
defined to intend to align research and innovation outcomes with values and norms. Moreover, 
the arrangement of responsibility assessment of both outcomes and process requirements implies, 
the consideration of the formulation of the entire process of research and innovation, which is 
expected to undertake from early stage of research and development to production and 
distribution, placing more weight on the social approach of techno-economic impacts such as 
valorisation, employment and competitiveness [10].  
 
In contrast sustainability and social justice as key dimensions of RRI emerged due to the 
combination of the objectives of responsible approach that can be found in foundational definition 
of RRI, in terms of re-envisioning the process as a transparent, interactive process by which 
societal actors and innovators become mutually responsive to each other with the view of 
achieving (ethical) acceptability, sustainability and societal desirability [63]. Moreover, in the 
case of the integration of policy agendas, they arise from the European policy recommendations 
at the most general level, namely, The Charter of Fundamental Rights. These recommendations 
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include political guidelines for jobs and growth based in fairness and democratic change, specific 
to Europe 2020 strategy of smart, inclusive and sustainable growth, and are targeted to the areas 
of employment, research and development, climate/energy, social inclusion, and poverty 
reduction.  
 
2.2. Technology assessment for responsible approach  
 
As mentioned before, RRI backgrounds are based on science, technology and society studies 
(STS) and on the technology assessment (TA) approaches. They constitute the core of RRI in 
terms of methodological principles and policy support strategies. The imprints of this background 
affect both innovation process re-formulation and the specific research agendas development 
since they are related to the anticipation of the future use of technologies, the respective societal 
impact, and the reduction of the uncertainty of this innovation. Moreover, the methodologies 
comprising TA can be considered an operational element to achieve RRI goals [31]. Technology 
assessment methods in RRI combine traditional technology assessment (TA) aspects and 
alternative approaches such as constructive technology assessment (CTA), technology foresight, 
and midstream modulation. Traditional TA comprises the risk assessment approach which 
considerers the assessment of the potential impact of technological advance. In contrast, 
alternative approaches consider the idea that the technological innovation and social innovation 
must be considered a due process. In this vein, for example, constructive technology assessment 
(CTA) [64] addresses social issues mainly in the early stages of the innovation process giving 
place the process to be reformulated and redirected depending on the reported feedbak of the 
construction of the technology. In contrast, technology foresight entails processes by which 
researchers use methods to forecast the various types of impacts that technology will have on 
future societies in order to allow decisions to be made to promote desirable outcomes [2]. In 
midstream modulation researchers modulate their innovation decisions into opportunities, 
considerations, alternatives, and outcomes in collaboration with social science and humanities 
scientists [65].  
 
Within EU policy, RRI is as a cross cutting issue in Europe 2020 strategy together with the open 
innovation. Besides, RRI comprises also the integration of other socio-technical approaches in 
the technology assessment process, such as social innovation [66] and demand oriented 
technology assessment [67].  The use of alternative technology assessment applied to energy 
research, since is out of the scope of this paper, was used for the case of large infrastructures in 





2.3. RRI impacts: Process towards indicators 
 
The process for monitoring RRI, in terms of the outcome variables considered impacts, is affected 
by uncertainties that jeopardize both process dimension and agenda setting. These uncertainties 
are related with two main questions: the fact that RRI, as a policy principle, is under a 
consolidation process (so the construction of robust models and accurate indicators has been 
underdeveloped), and the existence of a knowledge gap between the policy headline targets 
(measured at a societal level of aggregation) and the performance indicators for research and 
development [7]. The effects of these questions are, for example, the absence of sustainability 
and social justice in European RRI concrete indicator proposals such as EU Indicators for 
promoting and monitoring Responsible Research and Innovation [28].In this vein, non-official 
metrics and indicators or methodological specifications for indicator selection are recommended, 
besides from the recommendations of the European Commission funded project called 
‘Monitoring the Evolution and Benefits of RRI’ (MoRRI) [7].Regarding to this, since, both 
dimensions are mostly concerned with the headline target for R&I in the EU, an adaptation of 
policy recommendations such as EU indicators used for promoting and monitoring RRI and 
indicators of the EU Sustainable Development Strategy (EU SDS) [70] can be drawn. 
 
In the case of the knowledge gap, it is reified since RRI, it is intended to be operationalized 
through the implementation of the proposed conceptual dimensions in both process re-envision 
and agenda setting process. In this vein, even if these dimensions are related with the headline 
targets of smart, sustainable and inclusive growth mentioned guidelines, the accurate indicators 
development, cannot be obtained enquiring directly: to what extent does a research field, a 
research programme or an RRI initiative contribute to these goals, and how can this process be 
assessed and monitored [6]. 
 
Moreover, this knowledge gap affects heavily the implementation of research policies being 
considered one of the most important burdens for the development of accurate indicators, since 
the policy implementation entails not only the translation of isolated concepts. For this reason, 
despite that policy elements are considered as transversal keys for implementation purposes at 
operational level, the complexities in the relations between policy and concept levels are 
reinforced by this gap. To prevail over these two questions, the solutions have to be operational 
(in terms of robust monitoring frameworks) and methodological (in terms of accurate 
contextualization of the policy elements for the knowledge gap overcoming). 
 
The necessity of build a robust monitoring frameworks at context level and a methodological 
proposal are the core of this paper. In this vein, at assessment level, RRI have built a policy 
16 
 
context in terms of an input–output models [63]. Following this criteria, impacts measurement 
for both keys for agenda settings and dimensions of the process are subject to be measured by 
performance indicators divided in process indicators, outcome indicators, and perception 
indicators. RRI agendas and their deployment were considered as primary general indicator along 
with the definition of three scopes: performance, perception, and key actors. 
 
In these scopes, performance was dependant of both the processes that promote RRI activities 
and the effects that these processes own. In addition, performance yields the outcomes, thereby, 
acting with responsibility was presented as what defines who we are, along with the fact that 
acting in a certain manner, results in the performance of this action. Responsibility cover 
perception related with be seen to act responsibly [28]. The definition of perception indicators, 
needs from the consideration of the key actors. For example, in the case of governance, evaluated 
in terms of involvement of the wider public in RRI debates, national and supranational 
governments and stakeholders in science and society can be considered key actors and their 
interactions, measured for example through social media, can be considered as a perception 
indicator [28]. A comprehensive step-by-step diagram of the indicators structure to measure the 
impacts referring to outcomes, processes and perceptions of RRI and monitoring the development 




Figure 3. Indicators structure proposal to measure the ‘impacts’ referring to outcomes, processes and 
perceptions of RRI and monitoring the development of RRI agendas, based in Strand et al. [28] and the 
insigths of EU MoRRI project [7].  
 
 
2.4 Socio-technical integration. Strategies towards transitions  
 
Socio-technical integration is in the foundational backbone of RRI shaping the onset to build the 
context level. Moreover, its imprint it is recognizable in policy configuration, since it is devoted 
to scaling the complexity of the issues that involves [71]. This consideration allows to 
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operationalize the process dimension reformulation and to vertebrate the embracement of 
alternative approaches such as socio-technical imaginaries and cultural influences. The 
recognition of these influences allows not only to understanding the concepts and background of 
the responsible approaches, but also, to appreciate RRI impacts and to arrange the construction 
of indicators. 
 
Socio-technical theories are being used for policy support in the case of environmental concerns 
such as climate change, biodiversity and resource depletion. An inclusive vision of socio-
technical approaches are socio-technical transitions, which considered sustainability as the engine 
of change taking into account that how innovations emerge and how they shift and evolve towards 
this goal are key in the socio-technical transition [72]. These socio-technical approaches, in this 
environmental context, are often named sustainable transitions entailing, among others, the 
interrelations between sustainability and social justice under the socio-technical change 
approaches. Since they share with RRI the idea of scaling the complexity, an integration of this 
point of view to renewable energy research and innovation yields to consider that the solution to 
the problems cannot be addressed only through increasing clean technologies needing to 
incorporate changes or transitions in the system labelled as socio-technical, because they 
comprise not only new technologies, but also changes in markets, user practices, policy and 
cultural meanings [73]. These clean technologies include solutions for existing energy, transport, 
housing and agricultural-food-water systems and need regulations that include investments, 
behavioural patterns, vested interests, infrastructures, and subsidies.  
 
It is important to point out that despite that socio-technical transition, energy transition and RRI 
share approaches under socio-technical integration rationales, the approach to the process 
dimension reformulation differs. In this vein, approaches under transition rationales considered 
the socio-technical systems approach [74] to define and adjust process dimensions. This 
approach, which is in the core of sustainable development theories, typify process dimensions as 
a propriety of the systems. In this vein and for example for sustainability, sustainable development 
is a property of viable systems and if a system is viable, it will be sustainable. In contrast, the 
alternative socio-technical imaginaries approaches tackle the visions and understandings of 
desirable futures of advances in science and technology or technological projects prioritizing the 
effects of technologies in terms of constriction, provoked reactions from different stakeholder 
groups, and negative impacts on society [75,76]. This leads to the systems to be placed by the 





3. Sustainability assessment approaches 
 
3.1 An overview 
 
Sustainability assessment (SA) is one of the most complex types of monitoring methodologies, 
due to the fact that not only does entails addressing multidisciplinary aspects of the methods 
(environmental, economic and social), but also cultural and value-based aspects [36]. SA 
backgrounds are placed under the impact assessment tradition; policy support methodologies 
conducted for supporting decision -making; and the strategic environmental assessment. 
 
As mentioned before, these frameworks are recognized by the integration of alternative 
perspectives and trends. The level of integration results in different integrated assessment 
frameworks and the sustainability assessment alternatives such as sustainability science which 
encompasses the integration of concepts such as energy democracy, energy citizenship, new 
envisions of community energy science and approaches under the umbrella of change. The level 
of the integration of the frameworks is what gives to this option the consideration of integrated 
methods and affects also the ingredients comprising sustainability and social justice 
understandings in terms of new definitions and rationales. However, often the integration 
threshold is considered not sufficient since even if they assimilate innovative approaches and 
trends to its formulations, they still acknowledge the inherent conflicts in the pursuit of the 
sustainable development goals [7]. 
 
In the case of alternative sustainability assessment, the frameworks under sustainability 
transitions approach are considered an example of a new perspective on sustainability studies, 
focused not on the technological aspects, but on social aspects and the agents behind sustainability 
[72]. In addition, as a methodology, SA has been tested for the assessment of initiatives such as 
renewable energy communities and to vertebrate the public involvement in a large spectrum of 
decision-making processes. 
 
As mentioned in the previous section, in SA frameworks body of works sustainability is scoped 
regarding to a system in terms of ecological, economic, and social spheres, in contrast with RRI. 
Since the systems are the places where the innovation process occurs, more than the reformulation 
of the process, what is ought is to achieve the change in the system. To address these purposes, 
SA approach is based on the system theory, which monitors the properties of the systems where 




The dimensions in SA represent the core of the methodological aspect of these approaches. These 
dimensions can be grouped in two general divisions: methodological aspects (contexts, 
discourses, etc.) and the decision making context aspects more devoted to process assessment. 
Methodological aspects generally cover interactions between economy, society and ecosystems 
[78] and decision making context aspects comprise, the elements upon sustainability assessment 
such as policies. In this vein the methodological aspects and the decision making context can be 
aligned with the process re-envision and the agenda setting process missions of RRI even tough 
in each frameworks the dimension considerations entails are different. 
 
3.2 Sustainable development models: A systems approach  
 
The sustainable development models come from sustainable development theory [55] used for 
monitoring sustainability and evaluate the properties of the systems. As mention, these systems 
are governed by the systems theory and its variations such as the dynamic theory of the systems 
[47] which are in the core of the sustainable development theories [75]. Sustainable development 
is an integrative and wide concept, however, it has been dominated by the traditional rationales 
of sustainability such as the gross domestic product (GDP) and considerations about how the 
world has measured and understood the progress. In addition, even if the system theory approach 
provides an important contribution in the measurement of sustainability, its application as an 
assessment tool yields a series of indicators that provide a partial vision of these dimensions such 
as states, rates and converters. For example, the indicators monitoring the rates of change of 
system state are considered the current fuel consumption per minute or food sales per month. 
Moreover, the indicators providing information obtained by an appropriate conversion of state 
and rate of information are the average per capital food consumption, computed from total food 
sales per month and the size of the population.  
 
Since these indicators are not effective in measuring the interactions between all the related 
dimensions The updates of the sustainable development theory for the broad envision of the 
systems in terms of socio-technical integration can be considered. It brings, among other 
advances, the proposal of more accurate multidimensional indicators to measure sustainable 
energy development [79]. For example, the use of the genuine progress indicator (GPI), which 
corrects GDP by considering social harms, like the cost of pollution, the cost for households and 
communities, or the non-traditional concerns regarding the money flows. Another examples of 
these indicators are the human development indicator (UNDP) or the human scale development 
indicator (HSDI) which includes, for example, literacy and life expectancy contributing to 




3.2.1 Bellagio STAMP Sustainability Assessment and Measurement Principles  
 
Another important contribution to consider the synergies between sustainability and social justice 
dimensions are Bellagio STAMP Principles, today renamed as Sustainability Assessment and 
Measurement Principles, or STAMP. They were formulated to provide guidance for measuring 
and assessing progress towards sustainable development [35]. In this vein, the principles 
contribution is related with the acknowledgement of the fact that reformulation of how 
sustainability is measured requires more than selecting new indicators, technical revisions and 
reporting mechanisms [80]. The idea behind the Bellagio Principles was related with the fact that 
harmonization was not simply a matter of selecting common frameworks and indicators, but of 
following a common approach of developing and using measurement systems as an integral part 
of the performance of the society and institutions [61]. 
 
The Bellagio STAMP principles for sustainability assessment in terms of the capabilities 









Capabilities Elements of SD approach 
Guiding vision and 
goals 
Be guided by a clear vision  and goals of SD  Vision and goals 
Holistic perspective 
Include review of the whole system as well as its parts Systems  approach 
Consider the well-being of social, ecological and economic subsystems, their state as 
well as the direction and rate of change of the state, of their component parts, and the 
interaction between parts 
Triple bottom line TBL 
Interactions between elements  
Consider both positive and negative consequences of human activity in a way that 
reflects the costs and benefits for human and ecological systems, both in monetary and 
non-monetary terms 
Consequences of human activities in terms of costs  
Essential elements 
Consider equity and disparity within the current population and between present and 
future generations, dealing with such concerns as resource use overconsumption and 







Consider the ecological  conditions on which life depends Ecological conditions 
Consider economic  development and other non-market activities that contribute to 
human and social well-being 
Non marketable economic development: Human and social 
well being 
Adequate scope 
Adopt a time horizon long enough to capture both human and ecosystem time scales, 
responding to current short-term decision-making needs as well as those of future 
generations 
Accurate time scales 
Long terms outcomes and Short terms decision making 
needs 
Define the space of study large enough to include not only local but also long distance 
impacts on people and ecosystem 
Accurate space of the study  
Long term impacts 
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Build on historic and current conditions to anticipate future conditions: where we want 




An explicit set of categories or an organizing framework that links vision and goals to 
indicators and assessment criteria 
Vision and goals 
Indicators 
Assessment criteria 
A limited number of key issues for analysis Key issues for analysis 
A limited number of indicators or indicator combinations to provide a clearer signal of 
progress 
Progress Indicators  
Standardizing measurement wherever possible to permit comparison Standards  
Comparing indicator values to targets, reference values, ranges, thresholds or direction 
of trends, as appropriate 
Thresholds 
Reference values 
Performance indicators  
Openness 
Make the methods and data that are used accessible to all Open access 
Make explicit all judgments assumptions and uncertainties in data and interpretations Transparency 
Effective 
communication 
Be designed to address the needs of the audience and set of users Reliability   
Draw from indicators and other tools that are stimulating and serve to engage decision-
makers  
Engagement   
Aim, from the outset, for simplicity in structure and use of clear and plain language Accessibility 
Broad participation 
Obtain broad representation of key grassroots, professional, technical and social 
groups, including youth, women and indigenous people to ensure recognition of 
diverse and changing values 
Broad participation 
Ensure the participation of decision-makers to secure a firm link to adopted policies 
and resulting action 
Decision  makers participation  
Ongoing assessment 
Develop a capacity for repeated measurement to determine trends Replicability 
Be iterative, adaptive and responsive to change and uncertainty because systems are 
complex and change frequently 
Adaptation 
Responsibility  
Adjust goals, framework s and indicators as new insights are gained Adaptation  
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Promote the development of  collective learning and feedback to decision-making Collective learning  




Clearly assigning responsibility and providing ongoing support in the decision-making 
process 
Responsibility  
Support  to decision making 
Providing institutional capacity for data collection, maintenance and documentation Data management  






3.2.2 Sustainable development theory proprieties and orientors 
 
The drivers of the sustainable development theory in terms of systems approach includes, the 
redefinition of the system in terms of properties and orientors, from which the indicators can be 
obtained following the theory of the orientor [59]. Orientors represent interests, values, criteria, 
or objectives, and can be introduced through interdisciplinary approaches and diverse envision of 
concerns, for example emotions, that can be interpreted as a psychological need as in the human 
scale development (HSD) approach [81].  
 
Moreover, sustainable development models within the systems approach comprise the recognition 
and the use of a series of proprieties of the systems which can be considered as impositions of 
certain requirements and restrictions, which orient system functions [59]. These proprieties can 
be understood as drivers leading to a series of orientors, due to the fact that the proprieties cause 
distinct orientation in systems, and orientors represent the systems interests.  
 
These orientors frameworks define normal environmental state, resource scarcity, variety, and 
variability as the systems proprieties which are connected with the drivers of existence, 
effectiveness, freedom of action, security, adaptability, coexistence and psychological needs. 
These proprieties and drivers combination results in orientors of reproduction, psychological 
needs and responsibility. Proprieties and orientors are interlinked. For example, in the case of 
resource scarcity and variability properties. In contrast, responsibility, in terms of conscious 
actors being responsible for their actions and obliged to comply with a normative reference, is 
considered an orientor. 
 
Moreover, sustainable development models acknowledge the difficulties to define accurate 
indicators depending to the applications. In these terms, it considers that it is necessary to employ 
several indicators to cover different aspects of a key or dimension. In these cases, the model 
proposes the adoption or the construction of a hierarchy to correctly represent different aspects 
and define the corresponding indicators. The use of this hierarchy is out of the scope of this paper, 
even though it can be related with the value sensitive design technology assessment (VSD) 
method under the responsible approach. The crucial point of the process re-envision was 
considered in terms of the translation of values into design requirements through the integration 
of a hierarchical structured values [69].  
 
An example of indicators in terms of orientors framework based in sustainable development 




Table 2. Relation between systems properties and indicators for orientators framework based in 
sustainable development theories. Adapted from Bossel et al. [59]. 
System performance Proprieties of the 
system 
Orientator Possible indicator 
Compatibility of the 
system to exist in a 
particular environment 
Existence Existence  Availability of shelter 
 Clothing, food, water or 
sanitation  
 Life expectancy 
Efficiency and 
effectiveness levels 
Effectiveness Effectiveness  Work force, work hours 
necessary for life support 
 Efficiency of resources use 
Freedom to respond and 
react to the needs 
Freedom of action Freedom of 
action 
 Income levels 
 Job opportunities 
 Heath  
 Mobility 
Levels of security, safety 
and stability 
Security Security  Levels of safety 
 Savings 
 Social security scheme 
 Insurance  
Adaptation to changes Adaptability Adaptability  Education 
 Flexibility 
 Cultural norms 
Level of interactions with 
subsystems 
Coexistence Coexistence  Social skills 
 Compatibility with culture 
Level of compatibility 






 Emotional stress 
 Anxiety 
 Dissatisfaction 
Level of awareness 
regarding to the 
consequences of the 
actions   




3.3.3 Social sustainability: Frameworks and concepts 
 
An important contribution from SA frameworks to contextualize sustainability and social justice 
has been the proposal of social sustainability concept and approach, which comprises elements 
such as social footprint, social impact assessment, or wellbeing [77]. In this vein, Assefa and 
Frostell [51] proposes a framework to monitor social impacts based on the formulation of 
indicators of social acceptance of energy technologies [82]. The importance of the systems and 
their properties, as a final objective to undertake the reformulation of the process, underneath in 
the definition of social sustainability. Moreover, this approach is also related with the extension 
of the systems approach in terms of the achievement of an expanded conceptualization of 
sustainability, including aspects of both coupled systems and dynamical systems theories. All for 
the purpose of providing an analytical framework for studying mechanisms that enable 
sustainable development dealing explicitly with conflicting needs and interests among actors in 




An important contribution of this approach is related with the acknowledgement of    the social 
acceptance concept as one of the basic ingredients of social sustainability. In this vein, and since 
the systems approach rationale is followed, for a technical system to be deemed socially 
sustainable it should enjoy from a wide social acceptance. Moreover, socially sustainable systems 
are characterised by the fairness in distribution and opportunity, endorsed with an adequate 
provision of social services including health and education, gender and equity. Furthermore, they 
enjoy from apolitical accountability and they are endowed by participation among stakeholders 
[51]. In addition, social sustainability framework delves in the understanding of both 
sustainability and social justice and the importance of the synergies between dimensions leading 
to the re-envision of concepts such as resilience of the systems which comprise both dimensions 
insights.  
 
Social sustainability framework includes the processes of analysing, monitoring, and managing 
intended and unintended social consequences of planned interventions (i.e. policies, programs, 
plans, and projects), and the social change processes which entails the such interventions 
evaluation. Moreover, since social acceptance is considered an ingredient of social sustainability, 
the definition of indicators it is considered the drive to communicate the assessment results. The 
definition of indicators is framed through the description of a series of social impacts, social 
aspects, and social indicators. In this vein, the impacts are separated in categories in terms of 
changes in lifestyle, culture, community cohesion, participation in political decision and 
governance, environment, health and wellbeing, rights and perception of safety, and future 
conditions in terms of fears and aspirations. An example of these indicators are knowledge, 
perception, and fear, which affect the social acceptance dimension not-independently. 
 
Social sustainability as a concept transcends form SA frameworks [83]. In this vein, other 
definitions of social sustainability are related with the continuation of the society in the future, 
implying the continuation of its social values, social identities, social relationships, and social 
institutions, with the social requirements for long-term development, and with concerns regarding 









4. Methodological considerations  
 
4.1 Responsible approach 
 
4.1.1 Outcome based models. An overview  
 
Models to introduce changes in the systems intended to produce outcomes are the essential 
elements for process assessment. Moreover, in practice, outcomes depend on the interplay 
between context, design and implementation [84]. The importance of the context and activities 
for indicators design have been briefly overviewed in the previous sections, with the revision 
of proposals of generic models. Logic models for the development of assessment frameworks, 
embedded within a theory of change (ToC), are the most remarkable approaches within the 
outcome based models [85]. Furthermore, ToC is considered the representation of how and why 
a complex change process will succeed under specific circumstances and how it can be used for 
both process and products understanding.  
 
Under the umbrella of the ToC approach, intervention logic models, results based management 
(RBM) models, realistic evaluation approaches [86], as well as decisions support system 
approaches can be found. The common components regarding to the structure of the models are 
the outcomes. In addition, the component of the intervention proposals are the activities leading 
to the relevant results and the context elements comprising assumptions and rationales. They are 
also the narratives and contexts, and the system environment [87]. Furthermore, elements of 
goals, impacts, aims and results are under the outcomes consideration, bearing in mind that they 
are long-term outcomes.  
 
The expression of the model components, in terms of indicators, is an important aspect of these 
approaches. In the case of intervention logic model, the context includes the identification and 
description of key contextual and external factors. These factors influence the intervention either 
positively or negatively [5], and can be introduced as context description in terms of boundary 
conditions. These conditions represent external inputs to the methodology, such as values or 
context indicators which provide information on the environment and overall situation. Most of 
the theories under the umbrella of ToC recognize the importance of the context to determine the 
impact of the implemented process.  They also consider necessary to understand the interplay 
between implementation and its effects that operates at social, organizational and individual level.  
 
The intervention logic models have been used in RRI indicators development and policy support 
[88]. In this vein, since developing an intervention logic model within ToC in RRI approach for 
28 
 
both process and agenda settings provides an opening of the context and outcomes envision, this 
can help in aligning goals and scopes, enlightening how and why a desired change is expected to 
happen in a particular context.   
 
At assessment level, the characteristics of the indicators are the following. The input indicators 
comprise the performed activities, measures taken, structures created and resources allocated. The 
output indicators are focused in actions addressing the immediate and direct results of activities 
and outcome indicators are considered long-term achievements and perceived benefits of the 
changes in systems and policy implementation.  
 
Moreover, the intervention logic model shares with sustainable development models the 
consideration of perception indicators [89]. This type of indicators is included to measure the fact 
of be seen acting according to the outcome goals related with certain policy or program, similarly 
to the case of responsibility as mentioned in the previous section. Furthermore, perception 
indicators entail the description of the dimensions placed in the interface between R&I and the 
society. This require from the consideration of insights for actors and action in order to describe 
the perception by others and by the society in general [57]. An overview of the indicators for the 
development of outcome base models is shown in Figure 4. where the prevalence in each approach 
is highlighted.  
 
In addition, these approaches have been used in energy policy re-envisions approaches in terms 






Figure 4. Structure of the indicators considered and its prevalence in the intervention logic model and 
sustainability development models. 
 
 
4.1.2 Review of proposals for process dimension assessment following RRI approach 
 
As mentioned in the introduction, the underdevelopments of RRI impacts assessment 
methodologies [91], the lack of case studies regarding to RRI implementation, along with 
generalist character of RRI policy [92], makes it difficult to find references in terms of the 
evaluation systems. In this vein, the recent literature attempting to develop RRI assessment 
frameworks [17,87,93] indicated that the examples of monitoring the innovation process was 
mainly carried out through the appraisal of the conceptual dimensions. In this sense, this results 
in a situation where only the process re-envision mission is amended and the synergies arising 
from the relations between the two missions and their conceptual and key dimensions are not 
considered. 
 
For example, Lubberink et al. proposed a model containing a series of elements to describe the 
inputs, performance and outputs for monitoring innovation process based in responsible 
innovation and mechanisms for the knowledge-based dynamic capability [17]. In this model, the 
proposed inputs were The grand challenges (subscribed in the case of the EU in the Charter of 
Fundamental Rights and Europe 2020 strategy), the uncertainty regarding the innovations future 
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impacts and the embedding of innovation process in society. Moreover, the elements for 
evaluating the performance of the innovation process were the assessing alternatives; the reflexion 
on the effect of the underlying norms, values and beliefs on the innovation at stake, the 
deliberation with stakeholders about this underlying norms and values, and the adaptation of the 
results from stakeholder inclusion and deliberation. Furthermore, the approaches to overview the 
norms were the mentioned basic knowledge [40] enriched by the cultural or societal expectations.  
Since the rationales of responsible innovation was proposed to guide the methodological process, 
the use of normative goals was considered for the achievement of the responsibility. This process 
entails along with the reflexion on activities, the recognition of a commitments and assumptions. 
Moreover, the responsibility was based in the idea of the pursuit of the broadening moral 
responsibilities. Regarding the outputs for innovation, the need of societally desirable outcomes, 
sustainable and ethically acceptable innovations, and the reinforcement of the control and 
formalization of new and emerging sciences and technologies, was considered. The achievement 
of anticipation, flexibility, inclusion and deliberation, and responsiveness was proposed to carry 
out through series of key activities collected in the innovation activities for responsible innovation 
proposal [17]. The fulfilment of these activities and strategies was considered the operational step 
towards the achievement of the dimension of process reformulation.  
 
A comprehensive step-by-step diagram of the process reformulation proposed by Lubberink et al. 
[17] is shown in Figure 5, where the proposed model containing a series of elements to describe 
the inputs, performance and outputs for assets innovation process based in responsible innovation 
and the mechanisms for the knowledge-based dynamic capability is described. 
 
 
Figure 5. Structure of the model in terms of context, process dimension, inputs, performance and 
activities. Adapted from Lubberink et al. [17]. 
 
Another example of a conceptual model to evaluate the innovation process in terms of outcomes 
was proposed by Van de Poel et al [87]. This conceptual model was proposed for the development 
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of strategies for companies based in RRI and corporate social responsibility (CSR) integration. 
An important contribution of this paper was the specific recognition that both RRI mission were 
interlinked and should be considered connected.  
 
In this case for developing an RRI strategy, the process dimensions of anticipation, inclusiveness, 
reflexivity, and responsiveness were taken into account and translated into activities through the 
use of RRI strategies. This process ought to result in certain outcomes, so RRI key performance 
indicators (KPI) were proposed to monitor outcomes and progresses. Moreover, the structure of 
the model included the elements of context, the strategic level, the operational level, and RRI 
outcomes. Furthermore, the context block included elements such as the type of technology or 
innovation patters concerns, whereas, the strategy block included the dimensions to follow for the 
process reformulation. In addition, the activities block included techniques/methods such as 
scenario building, stakeholders inclusion, and alternative forms of technology assessment such as 
value sensible design (VSD). 
 
In regards to the key performance indicators, a series of categories was proposed which integrate 
RRI dimensions and keys and boosted the interlinks between them. For example, the proposals 
for KPI were diversity & inclusion dimensions for gender equality and engagement; as well as 
anticipation and reflection dimension of legislative landscape and public and ethical issues. In 
addition, under the openness and transparency dimension, the intellectual property and 
confidentiality as well as open access were considered. In the case of responsiveness and adaptive 
change, both were linked with the keys of environmental sustainability and social sustainability, 
and were considered as separate elements conforming a category for indicators. 
 
A comprehensive step-by-step diagram of the indicators structure proposal to measure the impacts 
referring to outcomes, processes and perceptions of RRI proposed by Van De Poel et al. [87] is 






Figure 6. The structure of the model in terms of context, strategic level, operational level, and outcomes. 
Adapted from Van de Poel et al. [87]. 
 
Both Lubberink et al. [17] and Van de Poel et al. [87] models reinforce the idea of the importance 
of the activities leading to the relevant results. In these terms, an example of activities proposed 
for the reformulation of the innovation process in terms of anticipation, reflexivity, inclusion and 





Table 3. Key activities and strategies proposals for operational appraisal of anticipation, reflexivity, inclusion and responsiveness dimensions of the responsible innovation 
redefinition process. Adapted from Lubberink et al. [17] and Van de Poel et al. [87]. 




Anticipation Determining desired 
impacts and outcomes 
of innovation 
Scenario building Foresight studies 
Technology assessment  
Life cycle assessment 
 
Monitoring the innovation environment  
Identifying and understanding societal and/or environmental needs 
Determining the outputs and impacts  




Monitoring the innovation environment  
Assessing risks and impact of the innovation 
Assessment of possible negative consequences of the innovation 
Development of 
roadmaps for impact 
Developing forward and backward scenarios  
Developing and determining roadmaps  
Aligning business strategies with the impact vision 
Reflexivity Actions and 
responsibilities 
Codes of conduct  
Core values 
Embedded ethicists 
Third party critical appraisal inclusion 
Informal (self-) assessment culture inclusion 
Values and 
motivations 
Prioritization of values and motivations 
Thinking about the effect of specific values on innovation governance and on its 
outcome(s) 
Determining how to deal with incompatible values and/or motivations 
Knowledge and 
perceived realities 
Scrutinizing the presence, absence and subjectivity of information 
Assessment of the knowledge and abilities  
Becoming aware of different perceived realities between actors 





different stages  
Stakeholder mapping strategies 
Stakeholder engagement strategies  
Stakeholder dialogues  
Public dialogues 
User-centred design 
Living lab inclusion  
Community involvement  
Focus groups  
Formal role of the end-user in the company  
Crowdsourcing  
Alliances with NGOs  
Expert involvement for epistemic problems  
External research and evaluation  
Multi-stakeholder involvement activities  
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Provision of resources 
and capital  
--- Bridging and bonding with experts  
Official role in firm for users and focus group with wider public  
Crowdsourcing  
User-driven innovation  
Community visiting  
Representation of stakeholders for anticipation  
Raised commitment 
and contribution 
--- Balancing transparency and openness in relationships and the innovation process 
Receiving inputs from external actors 
Fair relationships regarding the tasks and returns for stakeholder input 
Role recalibrations as roles change over time and need to be readjusted 
Working with actors sharing the same values 
Working with actors with different values 
Responsiveness Making sure that one 
can respond to 
changes in the 
environment 
Responsiveness to values and needs: 
 Value sensitive design  
 Stage-gate approaches 
 Sustainable design 
Responsiveness to new 
developments: 
 Monitoring 
 Gradual scaling-up  
 Adaptive risk management 
 Living labs and social 
experimentation  
 Flexible and adaptive design 
Mainstreaming/customizing to satisfy stakeholder needs 
Prevent or overcome organisational  
Collaboration for fast and effective response 
Actual response to 
changing 
environments  
Defining nature, pace and impact based on interactions with the innovation 
system 
Changing the environment  
Addressing grand 
challenges 
Responding to social issues Responding to environmental issues  
Responding to economic issues  
Preventing detrimental effects 
Mutual 
responsiveness 
Aligning stakeholder interests with the overall innovation objective 
Investment of resources by involved stakeholders 







4.2 Methodological aspects of sustainability assessment frameworks  
 
One of the strengths of the body of sustainability assessment frameworks (SA) at methodological 
and at assessment level lays in its ability for supporting decision-making and policy considering 
environmental, economic, social context, cultural and value-based elements that transcends the 
purely technical and scientific evaluation. However, the recognition that SA approach mainly 
aims to direct decision-making process towards sustainability [35] has raised two important 
questions about the complexity of the processes shaping the assessment. These questions are the 
levels of integration and the construction of the dimensions, which are going to be explained in 
the following subsections and are summarized in Figure 7. 
 
 
Figure 7. Insights of SA frameworks. Adapted from Pope et al. [35] and Sala et al. [36]. 
 
The first question comprises the levels of integration and the different criteria to choose these 
levels. Even though there is an agreement regarding the levels in terms of ontological, 
epistemological and methodological levels shaping the integration, there are different criteria to 
consider the elements comprising the levels. In fact, as mentioned before, the fundamental 
differences between SA and integrated frameworks are precisely located in these dissimilarities. 
Moreover, the inclusion of the levels brings the introduction of a series of aspects corresponding 




A description of these aspects shows that the ontological aspects calls for comprehensiveness in 
the assessment in order to define boundaries and thresholds of sustainability. These elements 
comprise the approach of aspects such as environmental performance, social responsibility and 
economic contribution, and how the relationships between they diverge from the overlapping to 
interdependence. Moreover, the methodological aspects generally cover interactions between 
economy, society and ecosystems [78]. The decision-making context aspects comprise, on the 
other hand, elements upon sustainability assessment such as policies and responsible parties. 
Furthermore, epistemological aspects incorporate new perspectives such as collaborative research 
strategies.  
 
The levels of integration and aspects are important contributions to the assessment process since 
they provide insigths for a methodological understanding as well as the basis for an 
indicatorsdesign. In this vein, Sala et al. [36] presented a review of the sustainability assessment 
methodologies regarding ontology, epistemology and methodology aspects of sustainability in 
terms of criteria for assesment, methods and outcomes as shown in Table 4. 
 
Table 4. Review of the sustainability asestment methodologies regarding sustainability aspects, namelly 
ontology, epistemology and methodology. Adapted from Sala et al. [36]. 
Sustainability 
aspects 
Criteria for assessment Methods Outcomes 
Ontological  Sustainability index 
 Comprehensiveness 
 Level of integration 
 Types of covered impact 
 System boundaries 
 Scenario developments 
 Capability to address 
indirect inputs and effects 
 Forward-looking  Products 
 Plans  
 Policies 
Epistemological  Accountability level 
 Change oriented level 
 Capability to communicate 
stakeholders 




 Public perception 
Methodological  Analytical tools 
 Procedural tools 
 Aggregation methods 
 System boundaries 
 Data availability 
 Flexibility  
 Transparency 
 Spatial/temporal issues 
 Bottom up 
approaches 












The second question entails the complexity of the dimension consideration. In this sense, whereas 
RRI is focused in the innovation process re-envisions, SA considers the systems as the major 
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hypes comprising the assessment process. In this vein, SA builts the dimensions in terms of the 
systems approach that can be the expresion of the decision-making process or the expression of 
concepts such as the basic sustainability requirements that should inform a transition to 
sustainability [94]. 
 
Both question about the complexity of the processes shaping the assessment (the integration and 
the construction of the dimensions) can be considered as criteria to follow when it comes to 
classifying SA and draw important conclusions regarding to methodological levels and dimension 
utilities. In this vein, Pope et al. [35] arranged a classification and reconceptualization of SA 
frameworks taking into account the different aspects of the dimensions within the systems. That 
study considered that the dimensions of the frames were located under the umbrella of general 
dimensions of the sustainability concept and the decision-making context. Moreover, this revision 
considered a series of associated sub-dimensions. In the case of the sustainability concept the sub-
dimensions are the underpinning sustainability discourse and the representation of sustainability. 
And in the case of the decision -making process the sub-dimensions are the subject of assessment, 
the decision question, and the responsible parties. Furthermore, the sub-dimension of 
underpinning sustainability discourse comprises the pragmatic integration of development and 
environmental goals; the idea of limitations on human activities; a process of directed 
change/transition; and the promotion of resilience and justice [35]. 
 
Also, both integration and dimension construction can be considered a contribution of SA 
frameworks with allows to settle similarities with RRI at methodological level. For example, the 
methodological level of integration become the SA in a value-laden approach, provided with 
political character and intimately related to cultural perspectives. For this reason, this approach 
could be compared with responsible approaches, in terms of values inclusion. Moreover, the 
decision-making context dimension could be aligned with process re-envision and the agenda 
setting process of RRI even tough in each frameworks the dimension as a concept entailed a 
different drive consideration, as mentioned above.  
 
Elements related to the context and assessment can be identified from both the integration and the 
construction of the dimension branches. For this purpose, in Figure 7 the green and orange colours 
were proposed for identifying elements regarding to contextualization of sustainability and social 
justice (green) covering underpinning sustainability discourse and ontological aspects of SA. 
Moreover, in orange, the elements belonging to the indicators design were considered. In this 
sense, the branches of sustainability concept proposed from Pope et al. [35] entailing the 
underpinning sustainability discourse and the representation of sustainability, comprised a series 
of elements where context for sustainability and social justice underpins. For example, the 
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sustainability discourse comprised approaches such as the integration of development and 
environmental goals; the idea of limitations on human activities; the process of directed change 
or transition; and the promotion of resilience and justice (as shown in Figure 7).Furthermore, the 
integration of the resilience concept, which was introduced in terms of the ability of the system 
to maintain functionality, can be considered the ability to maintain the elements needed to renew 
and reorganise in response to a large perturbation [95]. These understandings of resilience 
comprise concepts such as restrictions, depletion and inequity in the distribution of resources [96] 
and elements such as anthropocene, biosphere stewardship, natural capital management, and 
sustainability sciences applications.  
 
Normative elements, as it happens in another mentioned approaches, are one of the most 
important dimension of the assessment process. In this case, the normative dimension reflects the 
underlying concept guiding the process, namely the implicit goal of sustainability. Moreover, the 
normative discourse of sustainability was located in terms of normative goals, impacts, and 
undesirable futures. Furthermore, the concepts such as the representation of sustainability, in 
terms of indicators and how the concept of sustainability is represented in the decision making-
process [38], enriched the normative discourse.  
 
The inclusion of these frameworks entails the introduction of other operational elements intended 
to board the idea of indicators such as principles, drivers, variables, and values. In this vein, it is 
important to distinguish between sustainability variables (also known as attributes or factors) and 
sustainability indicators, since the indicators reflect the value of the variables in relation to a 
defined reference point.  
 
In the case of the indicators proposals, they range from environmental indicators and global and 
spatial scale indicators for sustainability and corporate sustainability. Sustainability indicators 
reflected the value of the variables defined for sustainability. In this vein, an example of variables 
was the triple bottom line (TBL) variables in terms of environmental, social and economic 
categories. Pope et al. [35] considered the most common variables the TBL variables, the 
combination of variables beyond environmental, social and economic categories and the variables 
related with system representations (proprieties).  
 
Moreover, as shown in Figure 7, the decision-making context dimension and its sub dimensions 
comprise the elements upon general sustainability assessment in terms of policies and plans, 
projects, etc. and the elements upon who undertakes the assessments, namely regulator and third 
parties. Furthermore, in the case of decision/question relationship, this can be formulated in terms 
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of questioning the sufficiency (thresholds), the pertinence of the alternatives (choices), and 
contribution to sustainability variables. 
 
5. Results: A review of contributions  
 
The purpose of this paper is to illuminate the drivers of the transition from the theoretical 
discussion to the operational level of a concept for the sake of arranging policy implementation 
and integration attempts. In the following subsections, the contributions of the reviewed 
frameworks are going to be threshed following the theoretical considerations exposed in the 
previous sections. A roadmap of reviewed frameworks following the theoretical frameworks 
proposal is shown in Figure 8.  
 
 
Figure 8. The classification of the contributions of the reviewed frameworks. 
 
The process of measuring the different aspects of the concepts for the contextualization of 
sustainability and social justice shows that, while, in responsible approaches it aroused as a result 
of imposing the condition of responsibility on the innovation process, in sustainability assessment 
frameworks, both keys but specially sustainability are goals to achieve.  
 
In contrast, the process of boarding the concept to embrace different perspectives and trends 
showed that navigating through sustainability and social justice contextualization and assessment 
could be framed under different approaches. In the case of socio-technical transitions approaches, 
the features of how innovations emerged and changed towards sustainability were found as the 
proposed key for the transition [97]. In the case of the ethics and values representation the 
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approaches were found devoted to questioning values, background assumptions, and normative 
orientations in regards to the concerning dimensions of sustainability and social justice. Both 
socio-technical transitions and ethics approach were found building the background of the 
collaborative research strategies integration methodologies. These approaches were found being 
increasingly acknowledged, particularly in the context of transdisciplinary research, aiming to 
integrate knowledge from various scientific and societal disciplines [98].  
 
In addition, and depending on the approach considered, the proposed levels of context and 
assessment could be considered separated. But in other cases, the approaches considered a holistic 
use of the methodologies, where the context and the indicators proposals along with tools on how 
to carry out the actions are interlinked. For the purpose of the overview of these results, in the 
cases where concepts and assessment level were found interrelated, the contributions from each 
frame was highlighted along with the description of the methodological approach and proposals 
of each framework.  
 
 
5.1 Responsible Research and innovation RRI  
 
5.1.1  Context contribution  
 
The insights of sustainability and social justice context construction within the RRI policy was 
found in the ‘Science in Society’ research policy approaches in the EU [3] as an evaluative 
element for national research programmes and as a separate priority of climate and environment 
concerns. Moreover, it was placed comprising different issues such as biodiversity protection, 
sustainability of agriculture and resources, pollution (air, noise, waste), domestic use of energy, 
risk management, environmental awareness, and climate variability and predictability [5]. Where 
sustainability was found framed under the umbrella of risks and sustainability, a category which 
incorporates matters and criteria related to risk management and sustainable living was found. 
These approaches transitioned over time towards sustainable development and climate change 
approaches, which was considered as an indicator for monitoring Horizon 2020 cross-cutting 
issues. Regarding to RRI and in the goal of the redefinition of the innovation process, social 
justice underneath in the RRI foundational manifesto [2]. 
 
At context level, both sustainability and social justice are in some point related with the fact that 
the definition of sustainability entails that the satisfaction of immediate needs should not 
compromise the possibility of future generations to satisfy their needs. This satisfaction in terms 
of archive sustainability goal comprise also achieving social justice in terms of making 
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responsible use of resources (achieving responsibility) to ensure the balance between economic 
growth, environmental care, and social welfare [99]. 
 
5.1.2 Assessment contribution  
 
An overview of the policy official metrics regarding to RRI shows that the covered headline target 
for sustainability was formulated related with the level of investment in R&I as a proportion of 
EU GDP. Horizon 2020 targeted a mandatory 60% expenditure related to sustainable 
development. The performance indicators were, defined in terms of their general and specific 
objectives of the headline, such as secure, clean and efficient energy and other specific priorities. 
Performance indicators in terms of headline targets were considered, for example, the arranged 
or planed societal challenges. Also, technical considerations for evaluation, focused on 
environmental sustainability and environmental impact following the triple bottom line 
(TBL)were found. In this approach, variables or indicators were separated into environmental, 
social, and economic in terms of GDP categories. 
 
In contrast, social justice within inclusion was found as a transversal theme running through 
societal challenges of the Horizon 2020 research programme, which was evaluated, monitoring 
progress in dimensions of poverty prevention, access to education, labour market inclusion, social 
cohesion and non-discrimination, health, and intergenerational justice [100]. How social justice 
was actually addressed through R&I activities was found as discipline under construction, which 
intended to comprise insights from the consideration of ethical issues and values in the design, 
development and implementation of new technologies [101]. 
 
Moreover, as mentioned previously, the measurement of the extent to which planned programme 
activities, as well as the contribution of these activities to the headline goals, in terms of 
sustainability and social justice, was not found directly related with representatives of inclusive 
or sustainable growth. Process indicators proposed in EU projects for monitoring RRI such as 
MoRRI [7], which considered indicators in terms of milestones on specified pathways that have 
an effect on specified dimensions and R&I actors, were found inefficient to offer a guide to 
describe and evaluate each of the RRI dimensions and keys.  
 
Regarding to the process of RRI indicators development, the methodology of the MoRRI EU 
funded project was reviewed. This project was aimed to the development of design tools to 
overcome the knowledge gap between the policy headline targets and the indicators for research 
and development. Its methodology, based on Kettner et al. [88], proposed a series of outcome, 
perception and process indicators and other inputs to measure the deployment of RRI.  
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As mentioned before since policy targets were measured through a societal level of aggregation, 
and research and development through performance indicators, the correlation of this fact with 
the indicators proposal was found as the most important burden to overcome. 
 
In the case of sustainability, outcome indicators were defined to monitor the efforts and 
developments being made towards the expected outcomes. However, this purpose involves the 
difficulty of not having access to representative data, thus it was proposed to carry out in terms 
of measuring the milestones on specified pathways of the policy, for example the number of 
projects with thematic related with sustainable transport, natural resources, global partnership, 
and good governance. In contrast, sustainability perception indicators were proposed to be 
answered in terms the anticipated effect of the research projects contributing to sustainable 
developments and sustainability in general. 
 
In the case of social justice, it was approached in terms of RRI recommendations and within the 
dimensions of governance and inclusion, which represented the social justice concerns within the 
responsibility approach. The review proposal shows that social justice process indicators proposal 
lies in the measurement of the level of relevance, ability and potentiality of new technologies in 
terms of social justice achievements. For example, the relevance of a new technology or product 
was proposed to be appraised in terms of the accessibility and the affordability to a wide variety 
of different social groups. Moreover, the level of ability of the research to address accessibility 
of a disadvantaged social group, such as disabled people, illiterate people, migrants, and elderly 
people, or the potentialities of the research project to impact negatively/positively on some social 
groups was found being an indicator. 
 
Both sustainability and social justice, were proposed to be considered in the context of research 
activities. These considerations were approached through the perspectives of the relationship 
between the researchers and the research subjects, and the participation of social groups in benefits 
arising from research. In this vein, on one hand, the relationship between the researchers and the 
research subjects was found that comprised, among others issues, the researchers behaviour in 
terms of taking advantage of research subjects for their own benefit or the benefit of others. On 
the other hand, in the case of the participation of social groups in benefits arising from research, 
the potential unfair exclusion of particular groups from either participation in research or 
accessing to benefits arising from research, was considered. In this vein, these perspectives 
encourage the equal participation of social groups in benefits arising from research and runs 





Due to the influence of this perspectives consideration, outcomes indicators were found to be 
proposed both in terms of general performance indicators and outcomes indicators related with 
research activities.  These indicators were proposed to be linked with the number of projects 
where researchers consider the impact of their research on social justice and number of projects 
where researchers took any steps to either extending the impact of their research to a larger 
population or to minimizing potential unintended negative consequences in relation to social 
justice. In contrast, the consideration regarding the percentage of researchers who believe that it 
was important to consider/address issues related to social justice/inclusion in their research in 
regards to research methodology and implementation/research results were an example of 
perception indicators for social justice. 
 
The insights of the indicators proposals are shown in Table 5, where, performance is defined in 
terms of processes that promote RRI activities and the effects that these processes have, namely 
the outcome. When taken together, perception and process indicators, they may provide a basis 
for RRI governance in the sense of improved responsiveness and accountability among R&I 
actors. Moreover, in the row of concerns, the issues affecting the formulation of the indicators 





Table 5. Insights of the RRI indicators proposal, adapted from [7]. 
Performance level Perception level 
Keys Process indicators Outcome indicators Concerns  Methodologies Perception indicators 






Number of projects with thematic 
related with:  
 sustainable transport 
  natural resources, 
 global partnership 
 good governance 
Policy integration issues: 
 Knowledge gap between 
the policy headline 
targets and the indicators 
for RD 
 Competence of R&I 
activities towards address 
keys (How keys are 
addressed through R&I 
activities) 
Develop indicators in 
terms of milestones on 
specified pathways that 
have an effect on 
specified dimensions and 
R&I actors. 






anticipated research to 
sustainability by the 
use of renewable 
technologies. 
Social justice Level of relevance, of a 
new 
technology/product in 
terms of accessibility 
and affordability to 
wide variety of 
different social groups. 
Level of ability of the 
research problem to 
address an access 
problem of a 
disadvantaged social 
group, such as disabled 
people, illiterate 
people, migrants, and 
elderly people. 
Potentialities of the 
research to impact 
negatively/positively 
on some social groups. 
General outcomes: 
Number of projects with a thematic 
related with: 
 Poverty prevention 
 Access to education 
 Labour market inclusion 
Social cohesion, and non-
discrimination 
 Health 
 intergenerational justice 
Research outcomes: 
 Number of projects where 
researchers consider the impact of 
their research on social justice  
 Number of projects where 
researchers took any steps to either 
extending the impact of their 
research to a larger population or to 
minimizing potential unintended 
negative consequences in relation 
to social justice  
Interrelation and due process 
issues: 
 Joint process nature of 
dimensions and keys 
 Relationship within the 
field of research ethics  
 
Develop indicators taking 
into account RRI 
backgrounds and 
interlinks with both keys 
and dimensions.  
Outcomes are defined in 
terms of technologies and 
social interactions of 
researchers.   
Percentage of 
researchers who 
believe that it is 
important to 
consider/address issues 
related to social 
justice/inclusion in 
their research in 
regards to research 
methodology.  
Implementation/resear
ch results are 
considered as 
perception indicators 





5.2 Energy justice framework  
 
5.2.1 An overview of contributions 
 
 
The energy justice body of works comprises the envision of central contemporary justice issues 
arising from the consequences of climate change in the structures of the global energy system, 
with implications in human dimension and concerns such as happiness, welfare, freedom, and 
equity [43]. Moreover, at methodological level it is designed to provide a normative and an 
empirical assessments system of the traditional and new injustices of the low carbon energy 
transition that under this framework consideration were nuclear waste, involuntary resettlement 
of populations due to the energy infrastructures, energy pollution, energy poverty, and climate 
change. 
 
A review of its insights shows that energy justice emerges as a tailored framework to line-up with 
the two challenges articulated in the sustainable development goals agreed by United Nations, 
namely the achievement of sustainable low-carbon energy systems and the enhancing of the 
affordability and equity of new innovations [102]. Both challenges were found related with the 
concerns of energy policy in terms of sustainable transitions and with the endeavour of responsible 
research and innovation in terms of the equity of the new innovations.   
 
Following the guidelines to balance the contributions proposed at the beginning of this section, 
the energy justice framework contributes to characterizing and measuring the different aspects of 
the concept. Even if this framework advocate for a different responsibility and sustainability 
dimension consideration regarding responsible approach concerns. For example, in the case of 
the envisioning of the moral evaluation of technology and systems and the reframing of what 
technologies are in terms of values [55]. 
 
Moreover, contribute to the process of boarding the concept to embrace different perspectives and 
trends since this approach was designed to provide normative and empirical assessments of both 
old and new contexts [53]. 
 
In this vein, the traditional approaches (in terms of realizing energy projects or implementing 
energy policies) and contemporary concerns linked with addressing social justice (related with 
consequences of climate change and the collateral effects in the structures of the global energy 
system) share a space that can be moreover opened to integrate approaches of community energy, 




5.2.2 Methodological aspects of the energy justice framework: a conceptual, analytical and 
decision-making tool 
 
Bridging socio-technical and justice aspects is a fundamental concern of sustainable energy 
transitions approaches, even though, often existing scholars treated both concerns as distinct 
phenomena [103]. In this vein, energy justice framework, proposed to be used as a conceptual, 
analytical and decision-making tool has come to be used as a theoretical, policy, political and 
management methodology [36].  
 
The methodological aspects of energy justice framework can be branched in dimensional an 
operational feature, as shown in Figure 9. At dimensional level, the framework considers a series 
of key elements, namely costs, benefits and procedures defined to address the concerns. In this 
terms, costs are related with how the hazards and externalities of the energy system are imposed 
on communities unequally, benefits are related with how access to modern energy systems and 
services are unequal and procedures are related with how many energy projects proceed with 
exclusionary forms of decision-making [53]. In contrast at operational level, the framework 
performs as conceptual, analytical and decision-making tool. 
 
The description of the operational features is shown above. In these terms, conceptual utility (in 
green) of the framework is referred to the multiple function of justice as tool is highlighted in 
terms of its capacity to link individual wishes to the values of a larger body. Moreover, the 
usefulness to resolve disputes to extend beyond mere individual preferences along with the 
capability to enable to make better choices, is important because it distinguishes between 
outcomes expected from decisions [41]. Furthermore, the conceptual utility comprises the 
approaches to the tenets of justice in terms of distributional, recognition, procedural, 
cosmopolitan, and restorative. In contrast, the analytical utility of the energy justice framework 
(in blue in Figure 9) connects energy policy and technology and it is related with the redefinition 
of contemporary energy issues using interdisciplinary sources (e.g. philosophical concepts). These 
principles are virtue, utility, human rights, procedural justice, welfare, freedom, posterity, and 
responsibility. According to this analytical view, the problem of efficiency becomes reframed not 
as an economic or technical issue, but one of virtue, and energy poverty becomes immoral because 
it interferes with human being’s ability to achieve functions and capabilities. Moreover, the 
depletion of resources becomes an issue about present generation versus future generations, and 
climate change becomes a moral issue concerning responsibility. 
 
As a decision making tool (in orange in Figure 9), energy justice propose the re- envision of this 
process to promote a series of dimensions namely, availability, affordability, due process, good 
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governance, sustainability, inter-generational equity, intra-generational equity, and responsibility. 
The most important insights of this framework regarding sustainability and social justice 
assessment can be found under the decision making utility and are related with due process 
consideration and good governance principles. In this vein, due process is defined in terms of 
stakeholder participation in the energy policymaking process and in terms of the social impact 
assessments involving community consultation. In the case of good governance, the access to 
high-quality information about energy and the environment along with the promotion of 
democratic and transparent decision-making processes within energy governance is considered. 
 
Both responsibility and sustainability considerations for this framework are far from the 
responsible approach proposed by in RRI. In the case of sustainability, it refers to the duty of  
sovereign countries to ensure the sustainable use of natural resources and, in the case of 
responsibility, it includes responsibility of governments to minimize environmental degradation, 
a responsibility of industrialized countries responsible for climate change to pay to fix the problem 
(the so-called polluter pays principle), a responsibility of present generations to protect future 
ones, and a responsibility of humans to recognize the intrinsic value of non-human species, 







Figure 9. Insights of energy framework. Adapted from [44]. 
 
5.3 Sustainability assessment frameworks 
 
5.3.1 A contribution to policy-oriented sustainability assessment  
 
Sustainability assessment approaches are assessment tools used for supporting decision-making 
and policy development to transit in a broad context which is becoming common practice in 
product, policy, and institutional evaluation, for example in terms of policy-oriented sustainability 
assessment. Moreover, they contribute with important insights for pursue sustainability and social 
justice keys description in terms of descriptive conceptual SA frameworks, integrated SA 
frameworks and re-envisions evolving towards the integration of elements for the broad and 
contemporary overcoming of concerns. The contribution of these frameworks can be considered 
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in terms of the broad understanding of the concepts and its updates integration along with the 
input in terms of measurement proposals and indicators. 
 
The background overall considerations of sustainability in the approaches that proceed from 
sustainable development theories have their origin in Brundtland Commission considerations in 
terms of achieve the development that address the needs of the present without compromising the 
ability of future generations to meet their own needs [104]. The first approach to integrate new 
elements for a broad envision of the concepts in SA are the integrated assessment frameworks 
and the specific descriptive conceptual frameworks which were proposed as an extensions of the 
concept of the triple bottom line (TBL) [35]. This approach incorporates social and economic 
considerations to the environmental issues to balance and consider mutual feedback and 
interactions between environmental and socio-economic systems. Moreover, they introduce the 
importance of the actors to give equivalence to environmental, social and economic dimensions 
in decision-making process. 
 
Both integrated assessment and specific descriptive conceptual frameworks provide a more 
extended vision of the ingredients comprising the process within sustainability. But the grade of 
integration is based in the acknowledgement of the conflicts in the pursuit of sustainable 
development goals without taking into account others concerns related with the extension of the 
frameworks.  
 
In addition, a contemporary review of these alternatives shows that neither offers a full 
understanding of the complex dynamics involved in the introduction of a new policies nor of an 
overview of the science–policy and science and decision making interface, especially when 
conflicting objectives are involved [36], being necessary to envision alternatives to these frames. 
 
In this vein, alternatives such as sustainability science are aligned with RRI in terms of being 
focused in achieving robust decision-making system changes and dealing with uncertainties. This 
alignment is reached adopting a holistic approach of policy making, co-production of knowledge, 
and the embracement of collaborative research strategies. All these elements comprise the aim to 
transform the innovation process through the steps of research, communication and action. 
 
5.3.2 Specific descriptive conceptual frameworks 
 
Under the umbrella of specific descriptive conceptual frameworks, sustainability is defined as the 
process to ensure that social and economic issues were covered to an equivalent extent as 
environmental issues, and where actors are exhorted to adopt a responsible approach and to give 
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equivalence to environmental, social and economic dimensions in decision-making process [58]. 
Moreover, in respect of the extension of TBL considerations of sustainability, this approach 
includes elements of sustainable development goals and models entailing concentric circles or 
nested egg approaches [105], where the economy is located within society and the environment.  
 
The integration of the development goals, known also as a pragmatic integration, comprises the 
definition of a series of boundary conditions to acknowledge the conflicts inherent in the pursuit 
of sustainable development. These conditions are, for example, the limitation of the human 
activities which are included through the definition of elements such as natural capital that must 
be preserved, limits of environmental degradation, and the minimum acceptable social limits [35]. 
 
5.3.3 Sustainability integrated assessment frameworks 
 
In this case, the extensions of TBL are integrated in terms of the definition of a series of levels, 
namely ontological, epistemological and methodological levels to vertebrate the integration. The 
fundamental differences between SA and integrated frameworks are located in the elements 
comprising the levels. In these terms, the ontological level comprises the boundaries and 
thresholds of sustainability definitions; methodological level includes the methodologies assisting 
interactions; and epistemological level entails the shifts and incorporation of new perspectives.  
 
The inclusion of the levels allows to introduce a series of aspects for each level, for example, in 
the case of the epistemological level, the corresponding aspects are described regarding the new 
perspectives that can be cultural perspectives and the contribution and involvement of 




Sustainability science (SS) within sustainability assessment approaches is considered an 
alternative to the integration of multidisciplinary aspects of sustainability-to cultural and value-
based elements. This approach is located under the umbrella of transition approaches in the 
context where the current global conditions and trajectories lead to an undesirable future, making 
necessary to reformulate sustainability [38].  
 
As a framework, it is considered an analytical-descriptive tool for system analysis [106] as well 
as a transformational agenda, addressing the research community needs to complement its historic 
role in identifying problems of sustainability [107]. Moreover, it comprises problem- and 
solution-orientated tools that can be considered a holistic approach to problem-solving, based on 
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a systemic design and mapping of contemporary long-range phenomena, in both the economic 
and social domains and in environmental, political, and ecological areas. 
 
The holistic approach can be considered from the different perspectives. On one hand as a 
capability, since the framework operates as a solution-oriented discipline that studies the complex 
relationship between scientific and social references paradigms [108]. On the other hand, as an 
integrational approach. For example, in the case of sustainability science, resilience appears as a 
dimension resulted from sustainability and social justice synergies since sustenance and renewal 
consideration become obsolete being necessary to include systems disruption and response 
towards change [107]. 
 
In addition, holistic approaches redefine the scope of the frameworks who consider it. In these 
terms, the sustainability science scope, beyond its application as SA framework, is related with 
elements from the responsible approach such as dealing with uncertainties. The achievement of 
this scope is proposed to be carried out through the adoption of holistic approaches and the 
deployment of social learning and co-production of knowledge. In this vein, the use of 
collaborative research practices as well as community-based, interactive, or participatory 
approaches is considered [36]. Moreover, the introduction of collaborative research strategy 
allows the integration of different methodologies and epistemologies. In this vein, collaboration 
and participation of different stakeholders, and strong links with the specific social/local context 
and institutional setting, shape the sustainability problems and the identification of the solutions 
in terms of subjective and normative dimensions. 
 
The normative considerations are going to comprise the capability to provide direction through 
visions and goals. This is related with how interlinked human-environment systems would operate 
and look like if they complied with a variety set of value-laden aims and objectives. Social 
learning capability is going to entail a mutual feedback leading to co-production of knowledge 
with other stakeholder groups such as business, politicians, and society in a common process of 
problem identification and resolution [36]. 
 
5.3.5 Methodological framework for sustainability assestment proposal: An innovative 
framework 
 
The methodological framework for sustainability assessment proposed by Sala et al. [36] entails 
a reformulation of sustainability assessment in terms of a sustainability science approach which 
moreover, includes the re-envision of Bellagio STAMP principles from sustainable development 
models. The framework presented as comprehensive procedural methodology, which overcomes 
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the reported vagueness and subjectivity in favour of a transparent, robust and flexible assessment. 
It was developed aligned with the main challenges posed by sustainability science and by the 
sustainability methods developed in recent years, namely transparency in values and in the choice 
of analytical tools, robustness in the analytical steps, and flexibility in the decision context of 
application are all discussed as key elements of the framework. 
 
The drivers of the framework are the principles and procedures adapted from Bellagio STAMP 
principles from sustainable development models. Under principles, the framework considers 
values and sustainability principles as preliminary choices in the definition of the sustainability 
framework on which the assessment will be based. Moreover, an adaptation and update of 
Bellagio STAMP principles are proposed, highlighting the principle of broad participation with 
concepts with integrated assessment and sustainability science as well as responsible approach. 
In this vein, the assessment principles outlined by the research activities are going to be connected 
with connected with Bellagio STAMP principles which along with the underlying are going to be 
translate into the implementation of the analytical tools that will be used for the final sustainability 
assessment. In contrast the procedures comprise several steps based on the integration of 
sustainability, sustainability targets, the decision-making context, and methodological choices. A 





Figure 10. Schematic representation of the conceptual framework for sustainability assessment. Adapted 
from Sala et al. [36]. 
 
An important insight of this framework are the description of the principles and procedures as an 
integrative element. The inclusion of the principles ensure that what is performed is not just a 
simple integrated assessment but an effective SA. Moreover, the stakeholder involvement, 
including the broad participation principle as a specific requirement of sustainability assessment, 
is considered to be embedded in all steps presented Figure 10. This is proposed following a 
transdisciplinary setting, leading to a co-production of knowledge from problem definition 
towards solutions [108]. 
 
Moreover, in the approach of sustainability procedure, the values and sustainability principles 
that together define the sustainability frameworks are located. Furthermore, depending to the 
elements shaping values and principles, the incorporated perspectives can be classified as an 
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ecological, economic, eco-economic and public policy-planning theories interpretations or 
approaches. Sustainability principles in contrast, can be the traditional principles, approached in 
energy justice frameworks such as precautionary principle, polluters pay principle, 
intergenerational equity, or good governance comprising also public participation or innovative 
contributions such as planetary boundaries. Other sources of principles can be considered for 
example EU Sustainable development strategy and development goals. 
 
In the case of sustainability targets, science and policy based recommendations are located. 
Moreover, decision context comprises the decision regarding to the subject of decision and how 
to carry out SA. This assessment can fulfil either through assessing impacts on sustainable 
development of policies, either through the consideration of the different phases of the assessment 
along with the approach followed to accomplish assessment approaches that can be based in 
thresholds approach and scenario planning. 
 
Methodological choices comprise the identification of assessment methodologies in terms of 
methods, models and tools as shown in Table 5.  
 
The acknowledgement of the complexities regarding the envision of sustainability as a concept 
as well as the lack of methodologies for its measurement are an important contribution of this 
framework, although the proposal does not consider separated methodological approaches for 
both context and assessment levels. In this vein, since sustainability conceptualization and its 
measurement is observed as a hurdles path, it is considered under an epistemic uncertainty which 
entails scepticism about the use of the sustainability concept, not only because of its underlying 
theory, but mainly due to the intrinsic difficulties involved in measuring it. 
 
Regarding context features, this proposal recognizes the richness and complexity of the 
sustainability concept, which transcends from a disciplinary perspective and expands the subject-
object traditional relationship. On the one hand, the commitment of the proposal is reflected in 
the view of the necessity of defining the sustainability framework, as the rationale and the 
structure for the integration of concepts, methodologies, methods and tools [109] and in the use 
of the basic principles for clearly defining sustainability of what, why and for whom? [110] before 
carrying out a SA intervention. 
 
Moreover, it considers new science-society interactions, which lead to multiple forms of 
knowledge and the synthesis of theory and practice intended to resolve societal problems through 
collaboration among scientists from different academic disciplines and with other stakeholder 
groups [111].  
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In contrast, the conclusion concerning the state of the sustainability assessment proposals leads 
that on whether empirical examples of sustainability assessment (SA) and integrated assessment 
are really adequate to evaluate in a solid and reliable manner whether new developments subscribe 
the Brundtland Commission considerations [104]. In this vein, it considers that the reason why 
an integrated SA does not meet its objectives, is affected by the fuzziness of the sustainability 
concept itself. Like social justice, it is a value-laden and has many different dimensions and 
perceptions [36]. 
 
6. Discussion  
 
As exposed, this article is focused in stablishing the methodological basis to arrange a responsible 
policy integration with the intention of bringing more conceptual clarity to sustainability and 
social justice dimensions. Its purpose is also the enlightenment of the wealth of material 
concerning facilitators and inhibitors of this integration.  
 
This process was conducted based in the hypothesis that the insights of the reviewed frameworks 
can build a methodological approach taking into account that they share a general vision towards 
achieving, among others goals, the reformulation of the innovation process and the re-envision of 
the policy agenda setting, as well as the paradigm change in decision-making. Moreover, this 
hypothesis was ascertained regarding the RRI approach providing a scenario to integrate 
interactions between renewable energy research and innovation and energy and climate policies.  
 
The discussion of the results of this process was for this reason separated in the challenges for the 
integration, the identification of facilitator of inhibitors for this integration, and the pertinence of 
the use of the proposed methodological levels of context and assessment. 
 
6.1 The challenges of integration 
 
RRI approach was found useful to provide a scenario to integrate interactions between renewable 
energy research and innovation and energy and climate policies since it shares elements with the 
proposal of a transformative change to overcome the contemporary social and environmental 
energy challenges. These challenges were considered as the niche where alternative policy 
approaches could be placed.  
 
The understanding of the missions and the objectives of the policies were found as the first 
concern of the integration endeavour. In this vein, the integration scenario was found built upon 




Moreover, the construction of the theoretical framework was based in the necessity to gather the 
concepts and the understandings, acknowledge the context importance, and overcome the fact 
that the policy implementation process required shifting from a theoretical discussion to the 
operational level of a concept. This fact shaped the second consideration of the challenges of the 
integration since the process of theoretical frameworks construction was carried out in terms of 
the measurement of the differences aspects of a concept and the embracement of different 
perspectives. The measurement of the different aspects of the concept was found not entailing 
additional concern considerations. However, the embracement of different perspectives was 
found consisting not only in the inclusion of different perspectives, but also in the inclusion of 
the assessment of the grade or level of integration of the frameworks. Regarding to the level of 
integration, which indicates the different inputs that, over time, the frameworks were adapting 
and embodying, was found an important driver for the challenge of policy integration.  
 
This integration level was found useful for gathering the shifts which affects all the reviewed 
frameworks in terms of perspectives that have been evolving for being affected by new trends. 
For example, in approaches under the umbrella of energy research and policy, a shift in 
perspective represented by an integrative view of sustainable development and social 
sustainability, covering interactions between economy, society and ecosystems, social 
sustainability, and social justice, was found endowing the approaches with the capability to deal 
with the complexity of emerging policy issues. An example of the new trends was the emergence 
of post-normal science, the increasing demand for policy-relevant science, the changes in the 
development of monitoring, data collection and data sharing mechanisms in terms of citizens 
participation, along with the proliferation of civil society initiatives regarding governance.  
 
In the case of SA frameworks, the process to integrate alternative elements was found as a 
consolidated practice yielding emerging holistic approaches such as sustainability science. In this 
holistic approach, the definition of sustainability was found related with the global awareness of 
long-term threats to vulnerable ecosystems and with framework operational elements focused in 
the nature of the problem rather than in the tools and framework capabilities.  
 
 
6.2 Identification of inhibitors and facilitators: Contribution to reviewed frameworks  
 
The policy implementation was found needing from the identification of a series of drivers, but 
these elements were found acting either as an inhibitor or a facilitator of policy integration. An 
important inhibitor, related with the fact that the approaches were intrinsically affected not only 
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by the meanings, but also by the scope where the action were located (making that the definitions, 
policy scopes and outcomes were moving from being normative judgments, such as goals and 
targets, to being a semantic or philosophical concepts) were the different rationales of the 
approach that appeared when they were applied to different disciplines.  
 
In the case of RRI, even if it was a research policy devised to be applied in any scientific 
discipline, the application and the rendering of its drivers were found unclear depending on each 
research field rationale. The different understanding of responsibility, sustainability and social 
justice for energy research were found affecting the contextualization ,construction of a 
theoretical framework, and acting as an inhibitor. The underdevelopment of the methodologies 
was found also as an important inhibitor. 
 
Another inhibitor was related with the fact that both sustainability and social justice dimensions 
were linked at the context and assessments levels. For example, when sustainability dimension 
was no longer seen as a goal, but rather how decision-making should contribute to progress along 
the path to such goal, the dimension transited from context to assessments level. Also, since the 
systems disruption and response considerations were found shaping the new trends in the 
approaches, this changed the ingredients of sustainability. For example, while sustainability can 
be defined, at policy level, more narrowly as the ability of the economy to function within the 
capacity provided by the earth ecosystems, at context level, it entails that the satisfaction of 
immediate needs should not compromise the possibility of future generations to satisfy their 
needs. This satisfaction, in terms of archiving sustainability goal, comprises also achieving social 
justice in terms of making responsible use of resources (achieving responsibility) to ensure the 
balance between economic growth, environmental care, and social welfare.  
 
In the case of facilitators, the multiple connections between the two missions of RRI was found 
as one of the most important strengths of the integration. However, this fact could be considered 
both a facilitator and an inhibitor. The facilitator effect of the interlinks was related with the 
sharing of the theoretical backgrounds. This fact allowed to constructed common rationales an 
overlapping the approaches with responsible innovation. In contrast, the inhibition effect was 
related with the fact that trapped an absence of consensus regarding to the ingredients that 
comprise each element was found.  
 
The inhibitor effect of context consideration was found modulated by two factors. The first one 
was the importance of the context consideration within the intervention. In this case, the proposals 
based in RRI found in literature, used the normative goals for responsible innovation as well as 




Moreover, the use of activities for the establishment of the context level was found. The 
importance of the activities lies in the fact that they come from the interventions proposals, which 
lead to the relevant results and context elements. Most of the reviewed frameworks considered 
that the fulfilment of these activities and strategies were considered in the operational step towards 
the achievement of the dimension of process reformulation.  
 
Furthermore, regarding the use of outcome based models, the reviewed framework shows that the 
most common assessment frameworks were related with monitoring policy integration carried 
out by building a framework which evaluates all steps of the process in terms of process, context, 
performance, and outcomes.  
 
A comparison between intervention logic model used in RRI and sustainable development model 
showed that the context description can be introduced both through the description of boundary 
conditions in terms of external inputs to the methodology such as values or through context 
indicators, or through internal methodological elements defining the approach to be adopted as a 
key ingredient of the assessment framework.  
 
The second factor was related with the existence of a knowledge gap. This knowledge gap was 
reified since RRI as a cross-cutting principle throughout Horizon 2020, it was  intended to be 
operationalized through the implementation of an agenda setting dimensions which are related 
with the headline targets of smart, sustainable and inclusive growth guidelines, but they were not 
represented by the accurate indicators, since the development for these dimensions cannot be 
obtained enquiring directly enquiring at what extent does a research field, a research programme 
or an RRI initiative contribute to these goals, and moreover, how can this be assessed and 
monitored. 
 
The inhibitor effect of the context was found also affecting SA frameworks. In this vein, , even if 
an important contribution arising from SA framework review was the acknowledgement of the 
complexities regarding the envision of sustainability as a concept and its measurement, the 
questioning process regarding whether examples of sustainability assessment were really 
adequate to evaluate sustainability remained as important concern. The findings regarding to this 
concern were related with the fuzziness of the sustainability as a concept and its epistemic 
uncertainty. The fuzziness of the sustainability concept was shown in its multifaceted nature, 
which like social justice, was presented as a value-laden with many different sub-dimensions and 
perceptions. These sub-dimensions were key when it comes to address environmental, economic 
and social issues and their interactions with robust measures. In the case the epistemic uncertainty 
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affecting sustainability measurement hurdles path was found related with the scepticism about 
the use of the sustainability concept, not only because of its underlying theory, but mainly due to 
the intrinsic difficulties involved in measuring it. 
 
6.3 The pertinence and applicability of methodological levels 
 
The levels of context (considering the context insights along with assumptions) and assessment 
(entailing the used methodologies, indicators proposals along with tools on how to carry out the 
actions) were found useful to arrange a methodological basis of an integration proposal. However, 
in some of the considered approaches, both context and assessment spheres were found 
interrelated. Moreover, the context level construction shows that this process was built upon the 
concepts and understandings of both sustainability and social justice dimensions. Furthermore, it 
was found that it was also affected by the different understanding that for each framework the 
concerned dimensions had.  
 
In contrast, the assessment level was found strained by factors affecting each framework in terms 
of policy integration. The review process showed that the level of integration of the frameworks 
coexist context and assessment levels. This integration can be also considered as a shift whichs 
affects all the reviewed frameworks in terms of perspectives that have been evolving for being 
affected by new trends.  
 
The consideration of this grade of integration as an alternative methodological level brings the 
emergence of other considerations such as the differences between the normative sphere or the 
conflicts between the understandings as an important insight. For example, the fact that 
sustainability and social justice were considered in terms of both policy targets and in terms of 
concepts and the assumption that both objects are interrelated emerges as a constraining element 
as in the case of inhibitors and facilitators of policy integration within the integration levels. As 
ascertained by the findings of this paper the consideration of this alternative methodological level 
requires from the re-envisions of the meaning of the normative sphere. For example, in RRI, the 
normative sphere was built on considering ethical and societal concerns in terms of values giving 
place to an innovation process reformulation. The outcomes of this endeavour were, the 
achievement of a democratization of innovation through social, open, participatory, and 
crowdsourced forms of innovation in order to help to realise a collective responsibility to control 
and drive innovation into a direction that was considered ethically acceptable, societally desirable, 
and sustainable. In contrast, in SA frameworks normative elements were found located under the 
methodological aspects dimensions, where sustainability was placed, along within goals, impacts, 
undesirable futures, etc. Moreover, this normative sphere was also settled with the representation 
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of sustainability in terms of indicators of how sustainability was represented in the decision-
making process.  
 
The consideration of the levels of integration as a methodological level can be possible if a 
consensus regarding the normative sphere is taken into account. This can be possible under the 
looking glass of trans-disciplinarity since it seeks to the integration of different methodologies 
and epistemologies such as co-production of knowledge in terms of participation of different 
stakeholders and the inclusion of values. The integration will allow to change the normative 
sphere, from the dimensions of the systems or process to the identification of the solutions towards 
achieving strong links with the specific social/local context and institutional setting from where 




This paper shows the important challenges to pursue a responsible policy integration regarding 
the integration of interactions between renewable energy research and energy and climate policies 
within sustainable transitions. In this vein, the thresholds of this endeavour were detailed along 
this paper in terms of the challenges for the integration, the identification of the inhibitors, and 
facilitators of policy integration and the proposal of the levels for a methodology for this 
integration.  
 
The challenges of the integration, comprised the understanding of the mission and objectives of 
the policies. Moreover the importance of gaining knowledge about the context within the 
integration have taken place results in the fact that the context must be considered as part of the 
validation of the proposed methodology. In contrast, the identification of the facilitators and 
inhibitors shows that the integration was trapped in the fact that different understanding of 
responsibility, sustainability and social justice for each specific disciplines was found. In addition, 
an inhibitor related with the operational level of the frameworks was the fact that each framework 
has its own driver considerations.  
 
Regarding to the methodological levels proposals, the criteria for ordering contributions in 
context and assessment brings a valuable source of information, however, the review process 
showed that these insights could also be considered in terms of the level of integration of the 
frameworks. The consideration of this alternative level needs  from the consensus regarding to 




Finally, since the construction of the theoretical framework was carried out considering the 
measurement of the differences aspects of a concept and the embracement of different 
perspectives and even if the reviewed frameworks have binged a detailed vision of the insights 
for this policy integration, other aspects and frameworks can be considered. In this vein, both 
paths for the theoretical construction can be enriched by the consideration of the aspects of 
resilience of the systems which comprise sustainability and social justice insights or the retrieval 
of the social sustainability within SA related with the pursuit of the properties of the system and 
the consideration of these, as a final objective to undertake the reformulation of the process. 
Moreover, approaches and perspectives under transition approach such as energy democracy, 
energy citizenship or new envisions of community energy science and apart from it can be 
considered. Furthermore, under transitions approaches the re-envision of the innovation process 
inspired by responsible approaches can coexist with the system approach, where systems 
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